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EXECUTI VE _ SUMVARY

A. | NTRODUCTI ON

As part of its ongoing program the Quter Continental Shelf Envi -
ronmental Assessnment Program (OCSEAP) contracted with Danes & Moore for
continuing studies of the behavior of spilled oil in Lower Cook Inlet,
Al aska. The primary purpose of this study was to update existing wnd
and water current fields using recently available data and to anal yze

the transport of postulated surface oil slicks under these fields.

This Executive Summary highlights the results and conclusions aris-
ing out of this study. Details and supporting evidence as well as
recommendations for further work are contained in the main body of the

final project report.

B. SCOPE_AND METHODOLOGY

Behavi or of a surface oil slick was represented by the trajectory
of the centroid of the slick neglecting nass-dependent phenonena such as
spreadi ng, evaporation, sinking, etc. The velocity of the centroid was
nodel ed as the linear, vectorial addition of wind velocity coupled to
centroidal velocity by a coefficient of 3percent and the total surface
current velocity. A Danes & More oil spill nunerical nodel enbodying

t hese concepts was used to carry out the analyses.

Wnd fields in the area of interest were defined by eight spatially
dependent flow patterns assuned to be constant over the simulation pe-
riod. These patterns represent w nd conditions observed two-thirds of
the time on an annual basis, and include six patterns with w nds typic-
ally parallel to the main axis of Cook Inlet and two with the predom nant

flow across the Inlet.

Surface currents were divided into two components, a time-dependent

tidal flow and a constant net surface circul ation. The tidal flow field
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was devel oped from harnonic anal yses of current nmeasurements in conbina-
tion with an existing tidal flow hydrodynam ¢ nodel. The net current
field was derived from anal yses of current neasurenents, published lit-
erature, and a previously developed net circulation pattern

Using these data sets as input to the oil spill nodel, three types
of spill scenarios were exam ned
1. Base Cases

Trajectories, shoreline inpact locations, times to inpact and
probabilities of inmpact were conmputed for spills occurring at
nine postulated sites within Lower Cook Inlet. The environ-
mental fields discussed above, in conbination with other param
eters, such as spill time inrelation to tidal phase, were
the key inputs to each scenario.

Results of these scenarios were synthesized into two sunmary
figures showing the shoreline distribution of location of im
pact, time to inpact, and probability of inpact given that a
spill could occur at any one of the sites.

2. Systematic Perturbation Cases

Systematic perturbation runs were nade to investigate the sen-
sitivity of the base case results to small changes in the
environmental fields. Each field was independently altered so
that speeds were changed +25 percent from the base case while
patterns (direction fields) were held constant. Spills driven

by the perturbed fields were initiated at three of the nine
base case sites

Anal yses of the perturbation results were based on a quantita-
tive conparison of changes in the base case shoreline inpact
| ocations and times to inpact. A qualitative analysis of the
perturbation trajectories was also perforned
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3. Random Perturbation Analysis

Using available information on the variability of the net current
field, a stochastic analysis was performed to ascertain the ef-
fects of this variability on the base case results. Pert ur ba-
tion trajectories wereconputed in which base case net cur-
rent vectors were augmented by vectors randomy drawn from a
Gaussian distribution with zero nean and known standard devi a-
tions defined by field data.

Anal ysis of the random perturbation cases focused on the
distribution of shoreline inpact points about the base case
resul t. In a subjective manner the behavior of the trajec-

tories thenselves were also analyzed.
C. RESULTS AND CONCLUSI ONS

The results of this project include not only the predicted oil spill
behavi or, but also the input wind and current fields. The fields devel -
oped represent the nobst recent synthesis of current neasurenent and
modeling results available in October 1978.

For purposes of oil spill simulation, the tidal current information
is in the nost satisfactory condition. . To a great extent, this is due R
tothe availability of a hydrodynamic tidal current nodel, Mungall, 1973,
and the excellent agreenment between predicted and observed data. Based
on the results discussed below, which show predoninantly weak dependence
of spill movenent on tidal currents, it is concluded that further work on

tidal currents should be deenphasized.

Review of the net current data yields a considerably different re-
sult . Consi derable current neter data has been collected and anal yzed
to the extent that the general hydrodynanmi cs of Lower Cook Inlet are
reasonably well understood. Attenpts to translate this know edge into
the level of detail necessary to perform neaningful spill nodeling
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uncovered certain deficiencies. In particular, the spatial and tenpor al
coverage of processed data was found to be very uneven. No winter season
current neter data had been processed though measurenents have been
t aken. The results reflect only the sumrer season current data and
should be interpreted in that |ight.

Equally as inportant, data collected in 1974 in the northern portion
of the study area would have been invaluable in defining the net current
pattern in the vicinity of XKalgin Island and southward along the western
side of the Inlet. Wthout these data, there is uncertainty concerning
the magnitude and direction of net flowin areas that the results of this
study indicate are subject to considerable exposure to spilled oil. A
satisfactory nodeling effort cannot be conpleted until the 1974 data have

been anal yzed and interpreted.

The neteorologic data base remmined essentially unchanged as a result
of this project. However, further refinement and treatment of the nete-
orological input data is of primary inportance for two reasons. First,
as discussed below, the wind fields tend to dom nate the surface spill
movenent . Even in the systenatic perturbation cases with weak w nds, the
general area of shoreline inpact is usually determned by the prevailing
winds. Secondly, the simulation period linmts the range of applicability
of the trajectory inpact results. Wil e persistence of the wind fields
can occur, it is more likely that a changing sequence of wind fields cor-
responding to the progression of passing weather fronts will be observed
over a period equal to that used here. Hence, the results of this project
indicate that the wind fields and their sinulated behavior are the nost
limting aspect of the environmental data base.

Results of the base case sinulations are sumarized in Figures ES-1
and ES-2. Shoreline inpact location, time to inpact, and probability of
i npact are presented. These are key parameters in evaluating the inpact
of potential oil spills. Areas subject to inpact in a short period are
critical in two senses:
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1) The rapid nmovenent from spill site to shoreline inmpact makes
contai nnent and control difficult unless the necessary re-

sources are in the immediate vicinity and are nobilized quickly

once a spill release occurs.

2) For agiven spill size, the shorter tine to inpact neans that
nore oil is likely to be available for shoreline contanination
and the nore toxic constituents will have had less tinme to
di sperse.

The base case results show a broad area of shoreline inmpact points
with two exceptions being the Cape Dougl as and Cape Kasilof (east of
Kalgin |sland) areas. The nost critical areas, both in terns of time to

i mpact and probability of exposure are:

1) Iliamna Bay northward to Chinitna Bay on the west side of the

Inlet.
2) Dangerous Cape to Cape Elizabeth
3) the Barren Islands
4) Shuyak Island at the northern end of Afognak |sland.

To a | esser extent, Harriet Point, Anchor Point, and Augustine Island are

al so areas of concern.

These results are consistent with those presented in the Danes & Moore
1976 study. Two additional areas of exposure are suggested by the present

study that were not apparent in the 1976 study:

1) The area north of the Forelands can be potentially exposed to
spilled oil from Sites 1, 3, and 4 and to sone extent from

Sites 2 and 5, whereas the 1976 work showed no novenent past
the Forelands. This suggests that Upper Cook Inlet nmay al so be

an area of concern for oil inpacts.
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2) The Chugach I|slands are inpacted by trajectories from Site 5
and trajectories extend into the Gulf of Alaska from Sites 7
and 8a. These events, not seen in the 1976 study, suggest the
possibility of exposure on the eastern side of the Kenai

Peni nsula as well as Kodi ak |sl and,

The systematic perturbation analyses gave results that generally fall
into two categories that can be defined by considering the shift in inpact
| ocation resulting fromthe altered environmental conditions. One cate-
gory, consisting of all perturbation trajectories inpacting within 10 km
of the corresponding base case, contains over 50 percent of all the per-
turbation case trajectories, This indicates that over half of the base
case trajectory inpact points would not be greatly affected by a 25
percent change in the environnental driving forces

The remaining trajectories that had significantly different inpact
points fromthe base case generally correspond to cases where, for ex-
anpl e, the base case trajectory inpacted an island while the perturbation
case did not and consequently took considerably longer to reach the shore-
l'ine. In these cases, the perturbation results should be interpreted to
nmean that the final inpact point is sensitive to parameters defining the
trajectory simulation case. These include not only the environmental
forcing fields, but quantities such as the initial tidal current phase,
wind drift angle, spill location, etc

These results suggest that the spill scenarios investigated here can

be evenly divided into two classes

1} One class represents those cases where the sinulation results
are “stable,” wth respect to perturbations in the sinulation
paraneters. Here, stable neans small changes in the scenario
result in snmall changes in the shoreline inpact point.
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2) The second class represents those “unstable” cases where snal
changes in the scenarios result in |arge changes in shoreline
i mpact | ocati ons. These cases nay require additional treatnent
of the environnmental driving fields and advanced npdeling
met hodol ogi es to accurately predict the “real -world” behavi or
of an oil spill.

The random perturbation anal yses generally reinforce the concl usions
fromthe systematic anal yses. That is, the random perturbations treated
here do not significantly affect the base case results. However, there
are cases where snmall, random deviations can lead to nuch |arger changes
in the shoreline inpact distribution. These cases may require nore
sophi sticated analysis to develop credible simulation results
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I. | NTRODUCTI ON

PURPCSE

This study was initiated on request of the Quter Continental Shelf
Envi ronnental Assessnent Program (OCSEAP) on behal f of the Bureau of Land
Managenment. A previous oil spill trajectory analysis for Lower Cook Inlet
was conpleted in March 1976 (Danmes & Mbore, 1976). That study provided
information on probable shoreline inpact areas and associated time to
i mpact of hypothetical oil spills originating from 12 selected |ocations
within Lower Cook Inlet. The results were based primarily on an oil spill
trajectory nodel with winds, net, and tidal currents being the environ-

nmental driving forces.

The present study is an extension of the 1976 study in that the envi-
ronmental data were updated to reflect nore recent information and nine
addi tional hypothetical spill locations in Lower Cook Inlet were investi-
gat ed. This study al so addressed certain questions regarding stochastic
and determnistic aspects of the environnental data and their effects on
the variability of the nmpbdeling results and conclusions drawn therefrom

SCOPE

This study was conducted in accordance with the scope of work de-
tailed in the Dames & Mbore proposal, *“Statement of Wrk Q1 Spill Anal-
ysis,” RFx41-D&M-188, for National Cceanic and Atnospheric Admi nistration,
April 4, 1978 and “Revised Statenment of Wrk, QI Spill Trajectory Analy-
sis,” RFx41-D&W 346, June 1, 1978, and “Amendnents to the Statenent of
Work, dated August 1, 1978, G| Spill Trajectory Analysis,” RFx41-DaM-346.
In summary form. the primary elenents of the scope of work presented in
t he above docunents were as follows:
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2. Trajectory Simulation: Calculate “base case” trajectories using
the same overall approach enployed in the 1976 study. Siml ate
spill trajectories from eight hypothetical spill sites specified
by Quter Continental Shelf Environnental Assessnent Program
(OCSEAP), using a basic set of selected wind and current fields.
Provide the point at which the trajectory intersects the shore-
line, the time to inpact and the probability of exposure for each
site individually and all sites conbined,

3. Envi ronnental Dat a: Update the environnmental input data base
used in the 1976 study with data nade avail abl e since the 1976
st udy.

4. Sensitivity Analysis: Perform a perturbation analysis on a
limted number of base case trajectories in order to assess the
effects of systematic and random fluctuations of the environ-
nmental data on the predicted shoreline inmpact distributions.

Section II contains an overview of the oil spill nodel used in this
study and provides the general framework of the analytic approach used to
determ ne shoreline exposure due to postulated oil spills at selected
sites; details on the nmodel itself are contained in Appendix A, Model
Docurrentation . Simlarly, details of the environmental input data are
presented in Section IIl and a discussion of the nethodol ogy and results of
the trajectory simulations follow in Section “IV. Finally, based on the
results of this study and their inplications, reconmendations for future

studies are contained in Section V.
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. OL SPILL MODEL

The physi ocheni cal behavior and ultinate fate of oil spilled in the
marine environnent involve conplex and, in nobst circunstances, poorly
under st ood phenonena. In addition to the nany oceanographi c and neteoro-
| ogic paranmeters of inportance, characteristics of the oil itself play a
major role in its transport and di spersion. In spite of the uncertainties
associated with these paraneters, several oil spill nodels have been de-
vel oped that provide valuable information for contingency planning, envi-
ronnental inpact assessnment, etc. The variety of sinulation techniques
and nodel s that exist reflect, in part, the enbryonic state-of-the-art and
the range of nodeling applications.

Revi ews of generic approaches to oil spill nmodeling as well as se-
lected oil spill nodels have been recently published (Fallah and Stark,
1976; Cceanographic Institute of Washington, 1977). These reviews focused
on descriptions of the relevant physical processes, procedures for their
sinmulation, and the uses and linmitations of the various nodels. In gen-
eral, these assessnents indicate that present oil spill nodeling efforts
are limted by a neager understanding of the basic phenonena and the dif-
ficulties associated with accurately specifying the dom nant environnmental

driving forces over a large area, such as lower Cook Inlet.

For this study, trajectory sinulation was used to track the centroid
of a two-dinensional surface oil slick. Al though the nodel has the capa-

bility to include surface spreading of a slick, this was not incorporated

in the present study for several reasons. Since the ultinate extent of a
surface slick depends strongly on spill volume, the absence of a conpre-
hensive risk assessnment defining appropriate spill sizes (npbst probable,

mexi mum credi bl e, worst-case, etc.) precluded the consideration of surface
spr eadi ng. Secondly, the wind and current data bases available or antici-
pated at the outset of this effort were not sufficiently well defined to
justify the use of nore refined sinulation techniques. These expectations
have been fulfilled with a few notable exceptions; significant gaps in the
envi ronmental data bases do, in fact, remain to be filled. These are

discussed in greater detail in Section III.
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Consistent with the trajectory sinulation approach, (neglecting the
ef fects of spreading), other physiochem cal processes affecting a nmarine

oil spill have not been consi dered. These include evaporation, sinking,
dissolution, enulsification, etc. Wiile these processes may play inportant
roles in determining the ultimate fate of an oil spill, they were assuned

to be secondary to the primary surface transport mechanisns.

Moverment of the spill centroid in the Danes & More nodel is consid-
ered to be governed by the independent effects of wind and water currents.
Second-order forces such as waves and wi nd-wave-current interaction are
negl ect ed. The wi nd-induced velocity vector of the centroid is taken to
be colinear with the wind vector and proportional to the w nd speed.
This “wind factor” has been experinentally found in the range from1l to 5
percent (CQceanographic Institute of Washington, 1977) and is taken to be 3
percent for this study. There is some question as to whether the wind and
slick vectors should be colinear due to the considerable scatter in rele-
vant field data. However, the evidence is not conclusive on this issue

and, hence, this study assumes collinearity.

The slick centroid is nodeled to nove at the same instantaneous vel -
ocity as the underlying current, neglecting the w nd-driven conponent. As
with the wind-driven conmponent, there is no conclusive set of evidence
whi ch docunents that this is the best approach. However, alternative
schenes (i.e., Schwartzberg, 1971) have major flaws or have been subjected

to limted validation.

For this study, the current field was divided into two conponents,’ a
net surface conmponent and a tidal conponent. Hence, the centroidal vel oc-
ity vector can be witten as:

Uoil "™ ™ ‘wind “‘tidal *‘ net 1

Using this basic nodel, both deterninistic and probabilistic simla-
tions have been run. In both the base case and systematic perturbation
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anal yses, deternministic wind and current fields are used to describe unique
trajectories fromeach postulated spill site. These determnistic trajec-
tories provode tine to shoreline inpact and, when conbined with the annual
average probability of the wind patterns, yeild an average annual proba-

bility of exposure to an oil spill from any site.

The stochastic anal yses were based on a know edge of both the nean
and standard deviation of the net surface current speeds at certain data
nmeasur ement | ocations. Hence, a randomy selected vector was added to the
determnistic net circulation field based on a Gaussian distribution with
mean zero and known standard deviation. The resultant distribution of
i npact points provides a neasure of the effect of variations in the net

surface circulation field.

Qperational inplenmentation of the oil spill nodel is based on a grid
systemthat overlaps the area of interest as illustrated in Figure 1.
The grid system serves nultiple purposes: 1) definition of the Cook Inlet

geonetry, 2) input of wind and current information, and 3) definition of
shoreline inpact |ocations. Wth the input available to the nodel,
atrajectory is generated by evaluating Equation (1) over a sequence of
finite tine steps until the centroid reaches aboundary or exceeds an
upper lint on tine. Subsequent anal yses are based on the trajectory
termnation point and, in a nore subjective manner, on the nature of the
trajectory itself.
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[11. 1 NPUT DATA PREPARATI ON

A OL SPILL SCENARI OS

The 1976 oil spill study evaluated the coastal exposure in terns of
probabilities and times to inpact from 12 postulated oil spill sites in
Lower Cook Inlet. These 12 sites were selected as representative of areas
where possible exploratory drilling would occur. In the present study,
eight alternative sites were selected by the Bering Sea-Gulf of Al aska
Project Ofice of OCSEAP to represent areas of nore recently |eased tracts
and probabl e pipeline |ocations not evaluated in the 1976 study. Figure 2
shows the locations of the 12 hypothetical oil spill sites evaluated in the
1976 study and nine spill sites evaluated in the present study (one addi-
tional site was added by Danes & Moore to the original eight prescribed
by OCSEAP)

Scenarios for potential oil spills at these locations were eval uated

wi thout consideration for volune or rate of release of oil. Further, all
sites were treated independently, and the probability of a spill ocecurring
at any | ocation was considered equal . Based on these assunptions, the

estimated tine to inpact and the probability of exposure for the coasta
regions of Lower Cook Inlet were deterni ned

The 1976 study utilized existing information on the neteorol ogic and
oceanographic conditions within Lower Cook Inlet. The present study has
updated the neteorol ogic and oceanographi ¢ data using sources of informa-
tion that have becone available since the 1976 study. In addition, cer-
tain refinements were made to the analysis and interpolation of input
dat a.

At each spill site, a separate centroidal trajectory was cal cul ated
for 32 postulated environmental events. These events were conposed of
eight wind patterns, a tidal current pattern (with spills occurring at
four separate phases of the tide), and a net current pattern. Thus, the
set of base case oil spill trajectories for the present study represented a
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total of 288 postulated spills. In addition, systenmatic variations on
t hese base cases were run at Sites 1 and 7 for wind and net current fields
having the sanme pattern (direction field) but with speeds +25 percent of
the base cases. Site 3 was also investigated for a single systematic
variation of the wind fields with speeds reduced by 25 percent of the base
cases. Since the perturbation trajectories were initiated at a single
phase of the tidal current cycle, a total of 72 systematic perturbation
runs were nmade. Finally, a set of random perturbation cases was run at
Site 7 for wind fields Nos. 1, 2, and 7. A total of 18 individual trajec-
tories were conputed for each wind field at one phase of the tidal cycle;

hence, 54 random perturbation runs were made.

B, GR D SYSTEM

The grid systemillustrated in Figure 1 was used as the framework to
i nput both wind and current data as well as to define the geonetry of
Lower Cook Inlet itself. This grid system was oriented along the nain
axis of Cook Inlet with each cell being 3 kmon a side. Characteristic
features of the Inlet required by the nmodel such asland and water areas
and open water boundaries, were prescribed by assigning to each cell an
i ndex that defines the predoninant feature of that cell. Land boundari es
were chosen to represent the “best” approximtion of the geometric extent
of the inlet. The input data file defining the land and water areas and
the open water boundaries is presented in Appendix D.

Note in Figure 1 that several bays were delimted fromthe nain body
of water within Lower Cook Inlet by “water boundary” cells. Wthin these
bays, the detailed nature of the wind and surface current fields are not
sufficiently well known to permt an accurate simulation of spill novenent.
For those cases where the trajectory intersected one of these boundary
cells, the trajectory was termnated and it was concluded that oil would
have , in fact, entered the bay, but its subsequent behavior was not
det er m ned.
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c. OCEANOGRAPHI C_AND METECROLOG C | NPUT DATA

CENERAL

The nodel used to sinmulate the centroidal trajectory of hypothetical
oil spills in Lower Cook Inlet presunes that the oceanographi c and neteoro-
| ogi ¢ fields are the primary driving forces. The neteorol ogic inputs
were surface Wi nd speed and direction, and the oceanographic inputs were
tidal and net surface currents. The primary effort in this phase of the
study was to review and upgrade the data bases used in the 1976 study wth
data that had subsequently become avail abl e. During the review process
several areas of inprovenent were made in the quality of the input data as
well as the assunptions involved in deriving the spatial and tenporal
distributions of the input data fields. The inprovenents and results are

di scussed in the followi ng sections.

METEOROLOG C DATA

The neteorologic input data used in the 1976 study were representative
surface wind patterns devel oped from historical data. Eight wind patterns
were devel oped based on the work of Putnins (1966 and 1969) and used as
input to the oil spill nodel. For a discussion of the devel opment of the
eight wind patterns see Dames & More, 1976. Each wind pattern represented
a spatial distribution of wind speed and direction over Lower Cook Inlet
and was held constant with tine during the trajectory sinulation. Wth
respect to assunptions inposed on the nodeling effort, the treatnent of the
wind fields as constant with time nmay be the nost linmiting factor in the
i nput data. This is due to the fact that, based on the results from the
1976 study, the winds were the mpjor driving force in the trajectory
movenent . While recognizing this linmtation in the input data, it was
agreed that a simlar treatnent of the wind fields would be followed in the

present study.

A review of the wind fields utilized in the 1976 study was conducted

by Dames & Moore’'s neteorologists in Anchorage. This review was partially
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based on a conparison of the 1976 wind fields with data taken fromthe
sem -submersible drilling platform OCcean Ranger operating in Lower Cook
Inlet approximatley 40 miles southwest of Homer from June through Septenber
1977. This information indicated that the wi nd speeds used in the 1976
study were essentially representative. However, the wind directions could
not be refuted or confirmed by the 1977 data. In addition, a review of the
literature available since 1976 did not uncover any significant additions
to the know edge of Lower Cook Inlet meteorology. Thus, based on this
l[imted review, the wind patterns used in the 1976 study were retained for
use in the present study.

Due to the extension of the grid systemto cover the nore southerly
portion of Lower Cook Inlet, the wind fields were extended (manually) to
provide the required coverage over this area. All wind fields were re-
digitized to conformto the format of the shifted grid systemw th w nd
speed and direction specified at every third grid point. The input data
files for all eight wind fields are presented in Appendix D.

The resulting wind fields are shown in Figures 3 to 7. Table 1 pro-
vides the frequency of occurrence for each of the eight wind patterns for

the nonths of January, April, July, and Cctober, plus the annual frequency.

OCEANOGRAPHI C  DATA

Since the nodel simulates the centroidal trajectory of a surface oi
spill, only those parameters that control and affect novenment of the water
surface were utilized in the sinulation. As previously indicated in
Section Il, the simulation involved in this study neglects the effects of
waves and w nd-wave interaction directly, but assumes these mechanisns are
i ncluded and represented in a sinplified manner in the treatnent of the
wi nd-induced surface currents.

In the absence of any wind drift current conponent, surface currents
in Lower Cook Inlet can be assumed to be conprised of two conmponents: a net
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DI RECTI ON, SPEED, AND FREQUENCY OF ElIGHT W ND PATTERNS

TABLE 1

Pattern Direction®
1 N
2 N
3 SE
4 SE
5 Sw
6 Sw
7 E
8 Nw

Speed’

(knot s)

16- 26

32-52

10-25

20-50

11-16

22- 32

12-22

11-27

Total Frequency

Jan

12

15

22

L

Frequency (percent)

Apr

14

12

12

65

drower Cook Inlet--vicinity of Barren Islands

bannual mean speed range

Jul

67

Oct

Annua

10
3

17



surface circulation conponent, and a tidally induced surface current com
ponent . The net circulation component was assumed to remain constant in
time, while the tidal current conponent was phased with the tide and with
| ocation within Lower Cook Inlet.

The foll owing sections provide details on the derivation and input
of the net surface circulation and tidal current conponents.

NET SURFACE CIRUCLATION

The net surface ciruclation pattern devel oped for the 1976 study was
primarily based on previously published information contained in Burbank
(1974) and Al aska Departnment of Fish and Game (aADF&G) (1975). In the 1976
study, the magnitude of the net circulation was estinmated fromthe ADF&G
work in Kachemak Bay and fromthe differences in average nmaxi num fl ood and
ebb tide currents neasured by NOAA in Iower Cook Inlet. Adj ustnents to

the data were nade based on judgment and subjective interpretations.

Al'though it is generally agreed that surface circulation within Lower
Cook Inlet is still not well defined, inprovenents to the 1976 circul ation
pattern have been obtained by utilization of data recently nmade avail abl e

from the data sources described bel ow

PMEL Current Measurenents =~ Mean currents at a 20-meter depth (below M.LW
at five locations in Lower Cook Inlet (see
Figure 8). The duration of neasurenents
ranged from 156 to 185 days during the nonths
from May to COctober 1977.

NOS Current Measurenents - Mean currents at a 6.7-neter depth (bel ow MLLW)
at 21 locations i n Lower Cook Inlet (see Fig-
ure 8). The duration of measurenents ranged

from5 to 60 days during the nonths from May to
August 1973.

In addition, use was nade of Meunch et al. (1977) and Burbank (1977)
to delineate current patterns between the above current stations.
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It should be pointed out that the circulation pattern derived from
the use of these data is actually representative of average circulation
conditions occurring during the sumer nonths. Both the PMEL and NOS
data were taken within the 6-month period from May to Cctober. Therefore,
the seasonal variations that would occur during the winter nonths are not
included in the current neasurenent data. It can be hypothesized that
during the summer nonths, surface circulation would be stronger and assume
a different pattern than during winter nonths, due to the high runoff from
snownmelt. Changes in seasonal circulation patterns, however, are not

known nor easily estimated from presently available data.

Summary forms of the current data obtained from PMEL included data
listings, current vector plots, and current histograns. The data represent
35-hour |ow pass, filtered mean currents. A sunmary of the data for those
stations and depths used in this effort is presented in Table 2. Figure 8
shows the location of the current stations in relation to Lower Cook Inlet.
It can be seen from Table 2 that the NOS current neasurements were taken at
a depth of 6.7 neters below MLLW and thus are not truly representative of
surface current conditions. However, K nmeasurenents taken at this depth wll
not respond to significant portions of the wind drift conponent that would
be highly reflected in surface current nmeasurements. This is inportant in
that the wind drift surface current is handled separately in the nmodel. The
PMEL current neasurements shown in Table 2 were taken at a depth of 2(
met ers. These are less representative of surface currents than the 'Nos
nmeasurenents, but presently provide the best available data for estimating
the net surface circulation in the conplex central portion of Lower Cook

Inlet between Augustine Island and Cape Elizabeth,

Figure 8 shows that the available current measurements cover that
portion of Lower Cook Inlet froma |ine between Cape Dougl as and chugact
Island northward to a |line between Anchor Point and Chisik |sland. Farthe:
northward to the area of the Forelands, current neasurement data were not
avail abl e. NOS has taken extensive curent measurenments in that area fron
May through Septenber 1974, however, sumaries of the data were not
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TABLE 2

PMEL AND NOS NET CURRENT DATA

Net Speed Net Direction Standard Devi ation Station Depth Measur ement Duration Installation Date
(cm see) (°Nort h) (cm/sec) (cm/sec) (m) (days) (mally)
Station i i (1) 0,(2) z
PMVEL
cl 15. 92 201 10. 07 4.71 20.0 156. 3 5/10/ 77
c2 8.02 229 10. 62 4,41 20.0 125.0 6/ 10/ 77
c3 8.17 238 6. 08 3.40 20.0 155.0 6/ 10/ 77
ch 3.25 278 8.70 6. 56 20.0 155. 3 6/ 10/ 77
c5 20.70 251 14. 49 8.75 20.0 155.3 6/ 10/ 77
Cl10 27.77 230 21. 47 10. 49 20.0 155.0 5/ 10/ 77
NCS
1 3.08 268 4.03 5.41 6.7 59.6 6/ 16/ 73
J-1 3.68 295 4.50 4.15 6.7 24.8 5/8/73
3 23.16 291 10. 28 11.00 6.7 27.0 6/ 23/ 73
4 2.12 118 11.39 9.63 6.7 25.5 7121173
5 4.43 231 12. 97 11. 06 6.7 23.0 7110/ 73
6 12. 66 282 8.71 7.88 6.7 26.8 7121173
7 4,17 232 7.49 4. 34 6.7 11.3 8122/ 73
8 12. 62 147 10. 73 7.91 6.7 10.3 8/ 10/ 73
9 14.01 276 14.52 9.49 6.7 12.0 6/22/ 73
10 14,13 74 2.95 3.74 6.7 10.0 712173
12 4,97 331 2.82 17. 47 6.7 11.5 8127/ 73
14 5.74 190 1.55 2.06 6.7 12.0 6/5/73
18-1 9. 46 39 3.28 1.29 6.7 20.3 5122/ 73
19 13. 20 66 3.06 2.13 6.7 26.0 5/21/73
20 4,94 30 1. 77 2.90 6.7 5.8 5/18/73
21 4,33 217 2.42 4. 05 6.7 6.3 8/6/73
22 8.37 210 8.36 3.61 6.7 12.5 8/ 23/ 73
23 6. 90 264 1.16 1.19 6.7 4.5 7127173
25 62. 80 166 16. 96 4. 88 6.7 10.3 7125/ 73
26 1.91 243 20. 97 15.31 6.7 13.5 8/23/73
27 2.21 355 7.18 7.51 6.7 27.0 6/ 18/ 73
(1)% : Standard deviation in direction of net current.

(2)"1: Standard deviation perpendicular to direction of net current.



avail able for this study. Therefore, the net surface circulation in this
portion of Lower Cook Inlet was estimated wi thout the benefit of current
meter nmeasurenents; the net surface circulation input data for this region

is, at best, a rough estimte.

Usi ng the above data sources the net surface circulation pattern in

Lower Cook Inlet was updated fromthat presented in the 1976 study util-

izing the follow ng approach:

Use NOS/PMEL
Direction and Speeds
at Stations

To get direction
and speed between
stations

[Speed)

I nterpol ate NOS/PMEL Use PMEL
current measurenents 1977/ 78
bet ween stations pattern
wher e possi bl e

In areas outside
PMEL pattern, use

Use D&M (1976) D&M (1976) pattern
pattern in

areas with no

measur enents “Fine tune” wth

pattern from
Bur bank (1977)

Departures fromthe above approach were made in order to ignore the
vortex currents presented by Burbank (1977),and to discount the results
of Station 20 (NOS data) due to the short duration (6days) of measurement
(Pearson and Muench, 1978). Stations 19 and 20 indicate northerly flow

al ong the western portion of Lower Cook Inlet. Due to lack of data, there
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is no general agreenent as to the net surface circulation above Station 19
However, a northerly surface current is possible due to the southerly ex-
tending shoal bel ow XKalgin Island that may effectively separate flow

Figure 9 shows the updated net current pattern that was devel oped
usi ng the above approach and the previously defined sources of data. To
establish sone measure of reliability in the interpretation and interpo-
lation of the data, two independent investigators developed net circulation
patterns and their results conpared. C ose agreement was obtained anong
the major features of the circulation patterns. M nor differences were
resolved through further interpretation of the data

This pattern was reviewed by PMEL on COctober 18, 1978 and based on
their coments, mnor revisions were nmade to current speeds at selected
| ocati ons. Once agreenment was attained regarding the pattern shown in
Figure 9, the nodel grid was overlaid and the net current speed and direc-
tion were read off or interpolated at every other grid point. A vector
plot of the interpolated net current input data is shown in Figure 10 and
the input data file is presented in Appendix D.

TI DAL CURRENTS

The tidal currents devel oped for the 1976 study were based on prelim
inary results of the 1973 NOCS current neasurenents for the southerly por-
tion of Lower Cook Inlet and personal communication with M. Muirhead of
t he Cceanographic Division of the National Ocean Survey for selected peak
values of the 1974 NOS current neasurements for the northerly portion of
Lower Cook Inlet. At that time, harnonic analyses of the tidal current
measurenents were not avail able. The change of phase of tidal currents
t hroughout lower Cook Inlet was not considered in the 1976 study.

In updating the tidal current data fromthe 1976 study, several areas
of inprovement were obtained. First, harnonic anal yses were available for
not only the 1973 NOS current data but also for current neasurenent data
taken by PMEL in 1977. (Neither harnmonic analyses nor summary results were
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avail abl e for the 1974 NOS data (Miirhead, 1978)). Secondly, because har -
nmoni ¢ anal yses were available it was possible to conpare neasured results
with results predicted froma hydrodynani c nodel of Cook Inlet (Mungall,
1978). If the conparisons were favorable, nore confidence could be placed
on the results of the hydrodynam ¢ nodel, which, because of its ability to
provide nore detailed information on tidal currents, could be used to
assess the spatial distribution of tidal currents in Lower Cook Inlet.
Thirdly, the phasing of tidal currents within Lower Cook Inlet could be
easily estimated from the hydrodynanic nodel and measurements, thus per-

mtting a nore realistic treatment of tidal currents.

The tidal current data were provided by PMEL in three basic formats.
These were plots of the M2 tidal current ellipses, conputer printouts of
the east and north tidal current conponents of the M2 constituent wth
correspondi ng phase relationships, and listing of the tidal current har-
moni ¢ conponents for the 01, k1, N2, M2, and S2 constituents. The above
data were made available for the stations and depths presented in Table 3.
Also included in Table 3 are the summarized data that were utilized in

this anal ysis.

A review of the data revealed that tidal currents exhibit a large
range of characteristics within Lower Cook Inlet. Rotary-type tidal cur-
rents (M2 constituent) were found to exist at PMEL Stations C, C4, cs5,
Co, and NOS Stations 3 and 27. NOS Stations 1, 4, 6, and 19 exhibited
nmore of a reversing type of current (M constituent) than a rotary-type

current.

The direction of najor axis and magnitude of the current speed varied

wi dely throughout Lower Cook Inlet. The |argest nagnitudes occur in the
eastern portion of the inlet, presumably due to the larger tidal ranges
caused by the cCoriolis affect within Cook Inlet. The | owest magnitudes

occur in the southern an west-central areas of Lower Cook Inlet. No
har noni ¢ anal yses of tidal current data were obtained for Lower Cook Inlet
north of Anchor Point. Harnonic analysis of the current neasurenents taken
in northern Lower Cook Inlet during 1974 will reportedly be available late
in 1979 or early in 1980 (Mirhead, 1978).
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TABLE 3

PMEL AND NOS TI DAL CURRENT DATA

East North Maj or  AXis Mnor  Axis
Station _ Const ituent B (cm’s) G- H (cmis) G _# H_(cnms) 6" _H (em/s) Rofalion_
01 2.7 296 3.6 203 356 3.6 199 2.6 c
PMEL Kl 4.4 352 59 259 354 5.9 255 4.4 c
¢l N2 4.6 b5 4.7 298 317 5.6 269 3.4 ¢
M2 29.4 b1 30.4 300 317 36.1 2 22.1 c
S2 11.5 93 1.9 336 AT 161 307 8.6 c
01 2.1 254 52 183 9 53 186 2.0 c
PMEL Kl 3.5 310 8.6 239 9 8.7 242 3.2 c
ch N2 3.0 36 7.3 298 356 7.3 296 3.0 C
M2 19.4 3 46.8 300 B0 6.9 298 19.2 c
s2 7.6 % 18.4 336 36 18« 334 1.5 c
01 2.2 349 3.6 180 329 4.2 177 0.4 c
PEML Kl 3.6 45 6.0 236 329 7.0 233 0.6 c
cs N2 2.8 97 a6 309 329 5.0 301 1.3 c
M2 17.9 99 28.1 31 329 3.3 303 8.2 c
s2 7.0 136 11,0 353 329 12.8 339 3.2 c
01 1.9 40 1.9 213 315 2.7 216 0.2 cc
Kl 3.1 9 31 269 315 4.4 212 0.3 cc
PMEL N2 1.1 59 1.7 1 26 1.8 14 0.9 C
0 M2 1.2 61 10.7 3 26 116 16 56 c
i 2.8 97 4.1 39 26 4.5 52 2.2 c
01 1.4 45 13.0 202
NCS Kl 0.3 5 2.2
1 ) 3.2 15 25.9 283
M2 18.1 9% 1231 33
52 4.0 123 40.0 347
01 3.9 14 31 149
Nos Kl 9.4 36 6.5 225
3 N2 16.2 N 6.8 321
M2 54.0 98 29.8 305
S2 23.8 140 10.6 316
01 4.4 34 1.0 157
NCS Ki 53 38 2.2 163
4 N2 31 23 6.4 229
M2 22.9 101 1.5 281
S 11.7 132 35 34
01 6.1 351 1.5 214
NOS Kl 15.0 9 12.5 196
6 N2 14.2 59 5.1 227
M2 5.1 88 65.3 263
2 31.3 115 29.0 254
01 4.2 150 56 111
NOS Rl 55 169 1.9 206
19 N2 6.6 254 18.6 265
M2 38.8 295 97.3 304
s2 11.5 319 32.0 330

He= current speed

6* = tidal current’ constituent epoch (relative to Geenwich, Meridian)
8 = direction of nmgjor axis (clockwise from north)

C = cl ockwi se rotation

CC = counterclockwise rotation
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The tidal current input data for the 1976 study was an estinmate of
average tidal current conditions based on prelimnary tabulations of cur-
rent neasurements. In order to update the 1976 data with those nade
avail able for the present study, sone measure of conparison was necessary.
It was agreed that the basis for the tidal current input data for the
present study remain the same as for the 1976 study; that is, tidal current
input data should represent average tidal conditions. Therefore, a sinpli-
fied approach was taken to provide a conparison between the harnonic tidal
current constituents and average tidal conditions. January 5, 1978 was
sel ected for which tidal predictions indicated a nean tidal range would
occur in Lower Cook Inlet, using Seldovia, Al aska as the reference station
Using the results of the harnonic analyses, (five major tidal constituents
01, KI, M2, N2, s2), tidal currents were predicted at three stations for
this particular nean tidal range, based on the nethods presented in
Schureman, 1958. It was hypothesized that since the M2 constituent was the
dom nant constituent, perhaps it alone mght be used to provide an estimte
of average tidal current conditions within Lower Cook Inlet. Therefore
the M2 tidal current constituent was cal cul ated separately for this par-
ticular nmean tidal range. Sunmary results of these calculations are
presented in Table 4.

Conparison of the results indicated that the magnitude of the peak M
tidal current constituent would provide a reasonable approximtion to aver-
age peak tidal currents in Lower Cook Inlet. For those stations exam ned
the magnitude of the peak M2 tidal current constituent fluctuates between
being slightly larger and slightly smaller than the peak predicted tidal
current. This would, over a series of tidal cycles, tend to cancel out and

provi de a reasonabl e approxi mation to average tidal current effects.

The oil spill model has the capability to accept rotary-type tidal
current input. Some discussion in the early stage of the present study was
centered around the possibility of wutilizing rotary tidal currents.
However, from the standpoint of available data distribution in the southern
and west-central portions of rower Cook Inlet and the lack of data in the
northern section, it was decided that accurate specification of rotary
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TABLE 4

COVPARI SON OF PREDI CTED TI DAL CURRENT W TH M2 CONSTI TUENT

Predi cted Peak Current Predi cted Peak M2 Conponent

Along Mijor Axis (cnisee) Along Major Axis (cnlsee)
Station Ebb Fl ood Ebb Fl ood
NOS- 1 130 133 125 122
PMEL C 1 31 28 37 37
PMEL C 4 45 54 48 47

Tpredictions were made for January 5, 1978, when tidal predictions indi-
cated a nean tidal range at seldovia, Al aska. Predictions for tida
currents included the o1, KI, M2, N2, and S2 constituents.

“The maj or and minor axes refer to the axes of the tidal current ellipse
used to represent tidal current characteristics in harnonic form see
Shurenman, 1958. The orientation of the major axis of the ellipse is
usual ly identical with the maximum fl ood- maxi mum ebb direction, the
exception being at geographical bends where the difference in flood and
ebb directions is not equal to 180", the direction of the major axis of
a constituent, say the M2 conponent, does not necessarily equal the di-
rection of the mgjor axis of the tidal current ellipse

483



currents was beyond the credibility of the data base. Al t hough greater
refinenent could be obtained by inputting the actual elliptical nature of
the tidal currents observed at many of the stations, this refinenent was
not justified conpared wthe rather uncertain accuracy of other input
paranmeters, such as the net current pattern and the assunption of constant

w nd patterns

Thus, the peak M2 tidal current conponents for ebb and flood condi-

tions were selected as the tidal current input to the oil spill trajectory
model .  The M2 current conponent was derived from a two-dimensional hydro-
dynam ¢ nodel by Mungall; description of the nodel, its application, and

results are well docunmented (for exanple, see Matthews and Mungall,
1972; Mungall and Mat t hews, 1973; Mungall, 1973). This nunerical nodel,
which includes coriolis and frictional ternms, has been applied to Cook
Infet for the prediction of tides and currents and the results have been
shown to be in good agreenent with the few available observations. Because
the model is two-dinmensional the predicted currents are depth-averaged.
However, it has been shown that the predicted currents are in close agree-
ment with observed surface currents. Further, it has been concluded that
the relatively shallow waters of Cook Inlet respond as a whole to the tida

motion showing little variability with depth (Mathews and Mungall, 1972).

Thus, it was felt that the use of Mungall's nodel to provide a tida

current distribution in Lower Cook Inlet would result in a nore reliable
set of tidal current input data than subjective interpolation from avail -

able tidal current neasurenents.

The nodel -generated tidal currents represented the M2 tidal current
conponent for a mean tidal range in Cook Inlet. Thus, they provide a rea-
sonably direct conparison with the results of the harnonic anal yses from
the PMEL and NOS current measurements, with the exception that the node
predicted currents were depth-averaged while the PVMEL and NCS current mea-
surements were taken at 20.0 and 6.7 meter depths, respectively. Table 5
presents a comparison of PMEL and NOS M2 tidal current conponent charac-
teristics with the predictions provided by Mungall's nodel at the closest
output grid point to the neasurenent station. Based on this conparison it
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TABLE 5

COVPARI SON OF MEASURED AND PREDI CTED M2 Tl DAL CURRENT COVPONENTS

Measur ed Predi cted Di fference
Maj or AXi s M nor AXxi s Major Axis Minor AXis Maj or AXis M nor Axis
Speed Direction Speed Speed Direction Speed Speed Direction Speed
Station (cn see) (N (cn see) (cnt see) (ON) (cnt see) (% () (%
NOS-1 125 354 13 99 19 4 21 25 69
NOS-19 105 21 5 100 12 7 5 9 -40
NOS-27 95 340 15 85 11 22 11 31 -47
PMEL C 1 36 317 22 38 351 13 -6 34 41
PVEL C 4 47 356 19 43 8 13 9 12 32
PMEL C- 5 32 329 8 37 10 10 -16 41 -25

Ipr edi ct ed from Mungall's hydrodynani ¢ nmodel of Cook Inlet based on nean
tidal range (Mungall, 1978)

2The major and minor axes refer to the axes of the tidal currentellipse used

to represent tidal current characteristics in harnonic form see Schureman,

1958. The orientation of the major axis of the ellipse is usually identica

with the naxi num fl ood- maxi num ebb direction, the exception being at geographica
bends where the difference in flood and ebb directions is not equal to 180°. The
direction of the major axis of a constituent, say the M2 conponent, does not neces-
sarily equal the direction of the mpjor axis of the tidal current ellipse



was decided that the nodel predicted currents would be used to provide
interpolation between the currents determned by NOS and PMEL neasurenents
In view of the absence of neasurenents in the northern portion of Lower
Cook Inlet, the hydrodynanmically predicted M2 current magnitudes and di-
rections were used as input for this area. These were adjusted slightly
based on the tidal current patterns developed in the 1976 st udy. The
directions for ebb and flood currents for the southern portion of Lower
Cook Inlet were based on the NOS and PMEL neasurenents and interpol ated
with the directions from the 1976 study.

As previously nmentioned, the tidal current input data for the 1976
study did not account for phasing of tidal currents as a function of |oca-
tion within Lower Cook Inlet. Although the addition of tidal current phase
rel ationships would not significantly alter the results of the oil spill
trajectory nodel, it was felt that this inprovenent could rapidly be de-
vel oped and inplenmented, resulting in a nore realistic treatment of this
oceanographi ¢ input paraneter. Tidal current phase relationships were
obtained fromthe publication of tidal current predictions (Now, 1978),
the harnonic anal yses of PMEL and NOS current neasurenents and results of
Mungall's tidal nodel of Cook Inlet. The tidal current cophase l|ines
derived fromthe results of Mungall's nobdel were in general agreenent with
the trend of the tidal current phase relations that could be inferred from
the neasured and published tidal current sources. Figure 11 presents
the approximate tidal current phase distribution within Lower Cook Inlet
derived from the above sources. The phase rel ati onshi ps shown are repre-
sentative of peak tidal currents occurring during a nean tidal range.
A single phase is given in degrees and represents an average of the peak
ebb and flood current phases. A zero phase was arbitrarily selected for
the southern portion of Lower Cook Inlet on a line between Cape Dougl as
and Cape Elizabeth (see Figure 11). The | ag of the peak ebb or fl ood
currents within Lower Cook Inlet were then referenced to this arbitrary

zero phase |ine.
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Using the results of PMEL and NOS harnoni ¢ anal yses of tidal currents
and the results of Mungall Es nodel, distributions of peak ebb and fl ood
M2 tidal current magnitudes and directions were devel oped for Lower Cook
Inlet. Figures 12 to 15 show vector plots of tidal current input data with
the current phase relationships included for various phases of the tida
cycle. Sel ected input data files are presented in Appendix D for tidal
phases equal to O 90, 180, and 270 degrees.

D. M SCELLANEQUS DATA

Several other quantities nust be input to the nodel in order to com
pletely define the sinulation paraneters. Those that are of inportance
to the study are primarily control paraneters that affect the nunerical
algorithns within the program and are described bel ow.

. Time step - 0.5 hour
This is the time step used in Equation (1) (See appendix A) tO
conpute slick centroid novement. It was chosen so that the
maxi mum centroi d displacement in any one tine step woul d not
exceed one cell wdth.

. Stop time = 150 hours = 6.21 days
The stop tine defines the period over which centroid novenent
is simulated. It was chosen to cover 12 conplete tidal cycles or
just over 6 days. The period of the predominant tidal cycle in
Cook Inlet is 12.42 hours.

. Initial tidal phase
The ultimate disposition of the oil slick depends on the point
intime within the tidal cycle at which the spill occurs. Four
points along the tidal cycle, at the O phase line, previously
defined, were selected for simulation: maximm flood, and ebb
and the two slack tides midway between the extrene.
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Iv. SIMJLATI ON RESULTS

A BASE CASES

Using the nethodol ogy described in Section Il and the hypothetical

oil spill scenarios described in the previous section, a total of 288
trajectories simulations were run. These trajectories are denoted base
case trajectories and are displayed in Appendi x B. In review ng the

simulated trajectories for various starting phases of the tide at a given
site, it was observed that they did not deviate significantly from each
ot her. Therefore, the base case trajectories presented in Appendix B are
shown for all sites and wind conditions for only one tidal phase (phase of
O degrees). The trajectories are separated and presented in the order of
the eight wind patterns sinulated for each site, which shows the dom nance
of the wind drift current conponent over the net and tidal current conpo-
nents. The nunbers printed along the trajectories represent the cunul ative

el apsed tine in hours fromthe start time of the trajectory sinulation

Potential Boundary Contact Zones

When a trajectory terminates at a boundary cell, the term nation cel
and the elapsed time are known. These two itens of information were sum
mari zed for each site and combined for all sites to give potential boundary
contact zones. G aphical results for eagh site are presented in Appendix
B, Figures B-73 to B-81. The ternmination cell for each trajectory has been

identified for each postulated spill site by one or more numbers adjacent
to the cell. The nunber represents the wind pattern(s) used to produce a
trajectory termnation at that cell. The dots over each nunber indicate

the number of times that cell was contacted for each set of four trajec-
tories for each wind pattern. The four trajectories correspond to the four
different rel ease phases of the tide. For example, in Figure B-73, the
ci pher 8 near Kachemak Bay indicates that shoreline cell was inpacted by
two of the four trajectories run for wind field Nunmber 8
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Al so provided for each contact cell are ranges of times to inpact.
These ranges are given as occurring within 1, 3, or 6 days and are dis-
tingui shed by corresponding synbols defined in the figures. Table 6 pre-
sents a listing of the base case boundary contact cells and the termination
times for all sites and sinulated conditions. This table allows conparison
of actual termination times rather than the previously described ranges of
termnation tinmes. Figure 16 allows a graphical interpretation of the
conbi nation of the potential boundary contact zones for all nine sites.
For the eight wind patterns and oceanographic conditions selected for use
inthis study, Figure 16 shows the potential distribution of centroid

trajectory contact zones

Figure 16shows a wide distribution of potential contact zones within
Lower Cook Inlet. It is interesting to note that the eastern shoreline of
lower Cook Inlet north of Anchor Point is free of potential contact zones.
Due to the locations of the hypothetical oil spill sites, all south of
Anchor Point, the meteorol ogi ¢ and oceanographic input data fields do
not provide adriving force that would create inpact on this area of the
shorel i ne. The wind patterns, with the exception of wind pattern No. 8
are either directed parallel to, or away fromthis area. Wnd pattern
No. 8 could create an inpact if a spill site was |ocated sonewhat above
Anchor Point. The net and tidal currents in this area (the eastern shore-
line north of Anchor Point) are essentially parallel to shore and could
not easily force a trajectory to inpact the shoreline. Li kewi se, the
shorelines of Kamishak Bay are relatively free of potential contact zones.
This appears to be the result of the absence of spill sites, with the
exception of Site 7, in the central portion of Lower Cook Inlet bel ow
Augustine Island. The net current pattern would drive a trajectory out of
Kamishak Bay and the tidal currents, being very weak in this area, could
not significantly affect net transport of the centroid. However, wi nd
pattern No. 7 could drive a trajectory directly into Kamishak Bay if the
spill site were located in the central portion of Lower Cook I|nlet reason-

ably close to and slightly south of Augustine Island
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TABLE 6

BASE CASE
BOUNDARY CONTACT CELLS
SITE 1 SITE 2
Cel | Time t Cel | Tine to
Location' | mpact’ Location! Impact?
v _(ws) X Y mrs)
Wnd 1 Wnd 1
Tidal Phase 1 39 20 86 Tidal Phase 1 39 7 88
Tidal Phase 2 39 20 78 Tidal Phase 2 39 7 83
Tidal Phase 3 39 19 87 Tidal Phase 3 39 7 88
7idal Phase 4 39 19 95 Tidal Phase 4 39 7 91
Wnd 2 Wnd 2
Tidal Phase 1 40 20 39 Tidal Phase 1 42 9 43
Tidal Phase 2 40 20 36 Tidal Phase 2 42 9 41
Tidal Phase 3 40 20 38 Tidal Phase 3 42 9 43
Tidal Phase 4 40 20 41 Tidal Phase 4 42 9 45
Wnd 3 Wnd 3
Tidal Phase 1 27 86 126 Tidal Phase 1 17 63 94
Tidal Phase 2 26 86 125 Tidal Phase 2 18 58 75
Tidal Phase 3 26 86 122 Tidal Phase 3 18 65 95
Tidal Phase 4 26 86 118 Tidal Phase 4 18 65 91
Wnd 4 Wnd 4
Tidal Phase 1 24 69 38 Tidal Phase 1 18 65 49
Tidal Phase 2 25 70 37 Tidal Phase 2 18 66 52
Tidal Phase 3 25 70 35 Tidal Phase 3 18 65 50
Tidal Phase 4 25 70 32 Tidal Phase 4 18 66 48
Wnd 5 Wnd 5
Tidal Phase 1 24 69 150 Tidal Phase 1 27 56 151
Tidal Phase 2 25 71 118 Tidal Phase 2 27 57 151
Tidal Phase 3 25 63 151 Tidal Phase 3 27 54 151
Tidal Phase 4 26 61 151 Tidal Phase 4 27 54 151
Wnd 5 Wnd 6
Tidal Phase 1 25 70 75 Tidal Phase 1 25 70 127
Tidal Phase 2 25 75 87 Tidal Phase 2 25 70 132
Tidal Phase 3 25 70 73 Tidal Phase 3 25 70 127
Tidal Phase 4 25 70 78 Tidal Phase 4 25 70 120
Wnd 7 Wnd 7
Tidal Phase 1 15 41 49 Tidal Phase 1 14 37 40
Tidal Phase 2 15 40 53 Tidal Phase 2 9 35 60
Tidal Phase 3 15 41 50 Tidal Phase 3 12 36 49
Tidal Phase 4 14 46 53 Tidal Phase 4 14 37 38
Wnd 8 Wnd 8
Tidal Phase 1 45 49 50 Tidal Phase 1 46 45 67
Tidal Phase 2 46 47 47 Tidal Phase 2 46 44 72
Tidal Phase 3 45 49 47 Tidal Phase 3 46 45 70
Tidal Phase 4 36 50 17 Tidal Phase 4 46 46 64

‘Contact cell defined by X and Y location corresponding to thedong and short grid axes,
as shown on Figures 16 and 17.

2151- hour truncation enployed on time to contact (£ 150 hours contact was made:
151 hours no contact).
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TABLE 6

BASE CASE
BOUNDARY CONTACT CELLS
SITE 3 SITE 4
Cel | Time to Cel | Time to
Location! |mpact ° Location! Impact?
X Y _qhes) | X Y _(hrs)
Wnd 1 Wnd 1
Tidal Phase 39 1 94 Tidal Phase 1 41 8 70
Tidal Phase 2 39 1 91 Tidal Phase 2 41 8 63
Tidal Phase 3 39 1 94 Tidal Phase 3 39 19 40
Tidal Phase 4 39 1 96 Tidal Phase 4 41 8 73
Wnd 2 Wnd 2
ridal Phase 1 39 7 43 Tidal Phase 1 39 20 18
Ti dal Phase 2 39 7 42 Tidal Phase 2 39 20 16
Tidal Phase 3 39 7 41 Tidal Phase 3 39 20 17
7idal Phase 4 39 7 44 Tidal Phase 4 39 20 20
Wing 3 Wnd 3
Tidal Phase 1 15 39 37 Tidal Phase 1 25 83 151
Tidal Phase 2 14 38 43 Tidal Phase 2 26 84 151
ridal Phase 3 15 39 37 ridal Phase 3 24 79 151
Tidal Phase 4 15 39 38 Tidal Phase 4 23 79 151
Wnd 4 Wnd 4
Tidal Phase 1 15 40 20 Tidal Phase 1 24 85 76
Tidal Phase 2 15 39 18 Tidal Phase 2 25 86 76
Tidal Phase 3 15 39 17 Tidal Phase 3 23 85 81
Tidal Phase 4 15 42 24 Tidal Phase 4 23 85 78
Wnd 5 Wnd 5
Tidal Phase 1 25 56 151 Tidal Phase 1 36 50 51
Tidal Phase 2 22 47 1s1 Tidal Phase 2 36 50 61
Tidal Phase 3 24 50 151 Tidal Phase 3 36 50 57
Tidal Phase 4 26 54 151 Tidal Phase 4 36 50 52
Wnd 6 Wnd 6
Tidal Phase 1 26 85 151 Tidal Phase 1 36 50 39
Tidal Phase 2 25 70 151 Tidal Phase 2 38 49 45
Tidal Phase 3 24 69 133 Tidal Phase 3 36 50 43
Tidal Phase 4 26 86 141 Tidal Phase 4 36 50 39
Wind 7 Wnd 7
Tidal Phase 1 8 32 38 Tidal Phase 1 6 30 86
Tidal Phase 2 6 30 48 Tidal Phase 2 7 28 81
Tidal Phase 3 7 3 42 Tidal Phase 3 6 29 86
Tidal Phase 4 8 33 37 Tidal Phase 4 6 30 86
Wnd 8 Wnd 8
Tidal phase 1 41 33 83 Tidal Phase 1 41 37 30
ridal Phase 2 41 33 88 Tidal Phase 2 40 35 28
Tidal Phase 3 41 33 85 Tidal Phase 3 40 36 28
Tidal Phase 4 40 34 75 Tidal Phase 4 40 38 25

" Cont act cell defined by X and Y location corresponding to the long and short grid axes
sShown on Figures 16 and 17.

2451-hour truncation enployed on tinme to contact (< 150 hours contact was made;
151 hours no contact).
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TABLE 6

BASE CASE
BOUNDARY CONTACT CELLS
SITE 5 SITE 6
Cell . Tine to Cel | Time to
Location’  Inps.ct’ Location! Impact?
X __i (hrs) X Yy (hrs)
Wnd 1 Wnd 1
Tidal Phase 1 40 1 57 Tidal Phase 1 38 6 76
Tidal Phase 2 41 8 52 Tidal Phase 2 38 6 73
Tidal Phase 3 39 19 27 Tidal Phase 3 38 6 75
Tidal Phase 4 40 7 59 Tidal Phase 4 38 6 78
Wnd 2 Wnd 2
Tidal Phase 1 39 20 12 Tidal Phase 1 41 8 39
Tidal Phase 2 39 20 10 Tidal Phase 2 41 8 38
Tidal Phase 3 39 19 12 Tidal Phase 3 41 8 38
Tidal Phase 4 39 19 14 Tidal Phase 4 41 8 40
wWnd 3 I wnd 3
Tidal Phase 1 19 56 100 Tidal Phase 1 17 48 68
Tidal Phase 2 18 65 130 Tidal Phase 2 17 48 73
Tidal Phase 3 17 62 126 Tidal Phase 3 17 48 69
Tidal Phase 4 19 53 88 ] Tidal Phase 4 17 48 65
Wnd 4 W nd4
Tidal Phase 1 19 68 65 Tidal Phase 1 17 48 32
Tidal Phase 2 22 85 87 Tidal Phase 2 19 53 38
Tidal Phase 3 23 85 83 Tidal Phase 3 18 49 32
Tidal Phase 4 21 84 88 Tidal Phase 4 18 52 34
Wnd 5 | Wnd 5
Tidal Phase 1 36 50 75 . Tidal Phase 1 25 52 151
Tidal Phase 2 36 50 76 Tidal Phase 2 25 51 151
Tidal Phase 3 36 51 74 Tidal Phase 3 25 48 151
Tidal Phase 4 35 54 79 Tidal Phase 4 26 50 151
Wnd 6 wWnd 6
Tidal Phase 1 36 50 52 Tidal Phase 1 25 69 151
Tidal Phase 2 39 49 59 Tidal Phase 2 25 69 151
Tidal Phase 3 39 49 55 Tidal Phase 3 25 68 151
Ti dal Phase 4 36 50 51 Tidal Phase 4 25 70 150
Wnd 7 Wnd 7
Ti dal Phase 1 15 27 44 Tidal Phase 1 6 30 67
Ti dal Phase 2 15 27 46 Tidal Phase 2 6 29 68
Tidal Phase 3 15 27 45 Tidal Phase 3 6 29 67
Tidal Phase 4 14 28 47 Tidal Phase 4 1 31 61
Wnd 8 Wnd 8
Tidal Phase 1 43 33 51 Tidal Phase 1 40 38 46
Tidal Phase 2 44 31 54 Tidal Phase 2 41 37 53
Tidal Phase 3 45 32 53 Tidal Phase 3 40 38 48
Tidal Phase 4 41 33 38 Tidal Phase 4 40 39 45

‘Contact cell defined by X and Y location corresponding to the long and short grid axes,
as shown on Figures 16 and 17.

2151- hour truncation enmployed on tine to contact (¢ 150 hours contact was made;
151 hours no contact).
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TABLE 6

BASE CASE
BOUNDARY CONTACT CELLS
SITE 7 SITE 8
Cel | Time tO Cel | Tine to
Location Impact? Location! Impact?
X X _ws) | ¥ _thrs)
Wnd 1 Wnd 1
Tidal Phase 1 38 6 42 Tidal Phase 1 38 1 40
Ti dal Phase 2 39 7 42 Tidal Phase 2 38 1 37
Ti dal Phase 3 38 6 41 Tidal Phase 3 38 1 39
Ti dal Phase 4 38 6 43 Tidal Phase 4 38 1 43
Wnd 2 Wnd 2
Tidal Phase 1 41 8 22 Tidal Phase 1 38 5 19
Ti dal Phase 2 41 8 21 Tidal Phase 2 39 3 20
Ti dal Phase 3 40 7 22 Tidal Phase 3 38 5 18
Ti dal Phase 4 40 7 22 Tidal Phase 4 38 6 20
Wnd 3 Wnd 3
Tidal Phase 1 15 39 o8 Tidal Phase 1 15 25 67
Tidal Phase 2 15 43 120 Tidal Phase 2 14 25 76
Ti dal Phase 3 15 40 101 Tidal Phase 3 14 25 80
Ti dal Phase 4 14 37 90 Tidal Phase 4 14 25 79
Wnd 4 Wnd 4
Ti dal Phase 1 17 48 52 Tidal Phase 1 14 37 50
Ti dal Phase 2 17 48 50 Tidal Phase 2 14 37 56
Ti dal Phase 3 17 48 50 Tidal Phase 3 14 37 55
Tidal Phase 4 18 49 53 Tidal Phase 4 14 37 51
Wnd 5 Wnd 5
Tidal Phase 1 26 53 151 Tidal Phase 1 27 49 151
Tidal Phase 2 27 58 151 Tidal Phase 2 28 51 151
Ti dal Phase 3 26 50 151 Tidal Phase 3 27 45 151
Tidal Phase 4 26 48 151 Tidal Phase 4 25 38 151
wnd 6 Wnd 6
Tidal Phase 1 25 70 140 Tidal Phase 1 27 65 151
Tidal Phase 2 25 70 135 Tidal Phase 2 37 50 94
Ti dal Phase 3 25 70 145 Tidal Phase 3 27 60 151
Tidal Phase 4 25 67 151 Tidal i 3:se4 27 62 151
Wnd 7 Wnd 7
Ti dal Phase 1 3 18 98 Tidal Phase 1 22 8 38
Tidal Phase 2 3 17 103 Tidal Phase 2 22 B 43
Tidal Phase 3 3 17 102 Tidal Phase 3 22 9 38
Ti dal Phase 4 3 18 97 Tidal Phase 4 22 8 38
Wnd 8 Wnd 8
Tidal Phase 1 51 27 97 Tidal Phase 1 41 8 46
Ti dal Phase 2 51 27 94 Tidal Phase 2 39 7 41
Ti dal Phase 3 51 27 102 Tidal Phase 3 41 8 46
Tidal Phase 4 51 27 99 Tidal Phase 4 42 9 50

'Contact cel defined by X and Y location corresponding to the long and short grid axes,
as shown on Figures 16 ana 17.

2151- hour truncation enployed on time to contact (< 150 hours contact was mmde;
151 hours no contact).
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TABLE 6

BASE CASE
BOUNDARY CONTACT CELLS
SITE 8A
Cell Time to
Location’  Impact2
X_ _Y (hrs)
Wnd 1
Tidal Phase 1 38 6 27
Tidal Phase 2 38 6 24
Tidal Phase 3 38 6 26
Tidal Phase 4 38 5 29
Wnd 2
Tidal Phase 1 39 7 12
Tidal Phase 2 39 7 13
Tidal Phase 3 39 7 13
Tidal Phase 4 39 7 13
Wnd 3
Tidal Phase 1 14 37 111
Tidal Phase 2 14 37 110
Tidal Phase 3 14 37 111
Tidal Phase 4 14 37 107
Wnd 4
Tidal Phase 1 17 48 60
Tidal Phase 2 17 48 62
Tidal Phase 3 16 48 64
Tidal Phase 4 16 48 63
Wnd 5
Tidal Phase 1 36 50 125
Tidal Phase 2 36 51 128
Tidal Phase 3 35 54 135
Tidal Phase 4 36 53 139
Wnd 6
Tidal Phase 1 39 49 89
Tidal Phase 2 38 49 89
Tidal Phase 3 39 49 91
Tidal Phase 4 39 49 87
Wnd 7
Tidal Phase 1 22 8 52
Tidal Phase 2 22 8 52
Tidal Phase 3 22 9 49
Tidal Phase 4 22 8 50
Wnd B
Tidal Phase 1 51 9 59
Tidal Phase 1 51 9 56
Tidal Phase 3 51 9 63
Tidal Phase 4 51 10 62

Ycontact cell defined by X and Y location corresponding tothe long and short grid axes,
as shown on Figures 16-and 17.

2151-hour truncation enpl oyed on time to contact (£ 150 hours contact was nade;

151 hours no contact).
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G ven the specified nmeteorologic and oceanographic driving fields,
the potential contact zones shown on Figure 16 are as expected for the
distribution of the hypothetical spill sites investigated in this study.
For exanple, consider Site 1. Under the influence of wind patterns Nos.
1 and 2, which have a predomi nant southerly direction in this area, the
trajectories for both patterns inpact Ushagat Island slightly to the west
of south fromspill Site 1 as shown in Figures B-1 and B-10. This indi-
cates the domi nance of the wind drift current conponent conpared with the
net and tidal current conponents. The net current noves the trajectories
to the west as the trajectories pass south of Cape Elizabeth, which is
consistent with the change in the net current direction from northerly
to westerly. The effect of the tidal currents on the base case trajec-
tories evidently does not significantly alter the inpact zones.

Wnd pattern No. 3 is primarily northerly and the trajectories from
Site 1 show that again the wind drift current conponent dominates the net
and tidal current conponents throughout this region. These trajectories
come close to contacting kalgin |Island and pass just to the west of the
island. The trajectories progress northeasterly as the wind drift and net
current vectors parallel each other along the island. An eastward compo-
nent of the net current north of Kalgin Island shifts the trajectory
further to the northeast, noving it to the boundary of the Forelands as

shown in Figure B-19.

Wnd pattern No. 4 is similar to 3, except the magnitude of the w nd
is greater. The larger wind drift current component noves the trajectory
fromSite 1 through this region faster, which does not allow the net
current conponent to affect the trajectory for as long a period of tinme as
in wind pattern No. 3. The net current has a westerly conponent in this
region, but because the trajectory noves nore rapidly with wind pattern No.
4, the effect of the westerly component i s dimnished. The trajectory does
not traverse the west shoreline of kalgin Island as was the c_ase with w nd
pattern No.3, but terminates on the southern shoreline of the island as
shown in Figure B-28.
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Wnd patterns Nos. 5 and 6 consist primarily of winds noving directly
up the northern portion of Lower Cook Inlet. The vectoral comnbination of
the wind drift and net curent conponents result in a northerly drift. The
nmovenent of the trajectories confirmthis; inpacts occurred along Kalgin
Island and two trajectories were termnated just south of the island after
150 hours as shown in Figures B-37 and B-46.

Wnd pattern No. 7 is directed to the northwest in the region of
spill site No. 1. The vectoral conmbination of the wind drift and net
current conponents provide a resultant westerly novement of the trajectory.
The contact cells fromw nd pattern No. 7 are ailocated almost directly

west of spill site No. 1 as shown in Figure B-55.

Wnd pattern No. 8 has an easterly direction in the vicinity of spil
site No. 1. The net current magnitude in this region is relatively small
and does not significantly influence the trajectory novenent. Thus, the
trajectories nmove toward the east and are shown to contact the northern
shoreline of Kachemak Bay as shown in Figure B-64. The effect of the tide
can be seen to influence to sone extent where the contact will occur along

the shoreline.

Similar reasoning can be applied to the other spill sites to show that
the resulting trajectory novements shown in Figures B-1 through B-72 are as
expected given the specified environmental forcing fields. Careful exani-
nation of these figures will show the relative inportance or dom nance of
the specified environmental forcing fields. Summarily, it can be stated
that the wind drift current conmponent provides the primary driving force
for centroid nmovenent. In certain areas, such as offshore Cape Dougl as,
the net current significantly influences trajectories. Although the tidal
current, with few exceptions, does not significantly alter the net tra-
jectory it should be noted that the specified wind patterns and to a degree
the net current pattern are all rather uniform The tidal currents or
other environnmental forcing fields could becone nore important if transient
and nonuniform conditions were specified. For exanple, if a wind field was
rotated and the wind speed varied with time, then the tidal current phase
at time of release might becone an inportant factor in trajectory novenent.
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Annual Percent Probability of Exposure

As was done in the 1976 study, an assessnent was nmade of the annual
percent probability of shoreline exposure. The exposure probabilities were
based entirely on the annual percent frequencies assigned to each of the
wind patterns as discussed in Section IIl. The annual probabilities
of exposure were determned for a spill occurring at each site in the
foll ow ng manner:

1. For each boundary cell contacted, the wind pattern or patterns
associated with that contact cell were identified.

2% The curnul ative annual frequency of the wind pattern or patterns
associated with that contact cell were conputed. The annual
frequency of a wind pattern was counted only once in determ ning
a cumul ative frequency, even if that wind pattern was identified
as producing nore than one contact for that cell.

3. The cumul ative annual percent frequencies of the wind patterns
associated with a contact cell were assuned to represent the
annual probability of exposure for that cell.

Al though the above assessment is a first-order approximation, it
provides a means of evaluating or conmparing the expected exposure |evel for
the specified spill sites and environnmental driving forces. Furt her
refinenent in assessing exposure probabilities is not justified given the
limtations inherent in determining the contact cell |locations.

Graphical representation of the annual percent probability of exposure
given that a spill occurs at each site is presented in Appendix B, Figures
B-82 through B-90. For each cell contacted, the range of probability of
exposure calculated for that cell has been coded according to the |egend
given on the figures. No attenpt has been nade to snooth or-add exposure
probabilities between contact cells. However, it should be noted that the
probability of exposure is not a discrete function, but in reality a
continuous one.
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A summary of the annual probability of exposure for all nine sites is
presented in Figure 17. This figure represents the annual probability of
exposure given that a single spill is equally probable from any of the nine
potential spill sites. The probabilities were calculated by dividing the
cunmul ative probabilities for each cell (the summation of probabilities for

all sites) by the number of sites

The relative exposure |evels along the boundary cells thus provides
within the limtations of the nodel and specified input data, an estinate
of those portions of Lower Cook Inlet which are nost likely to experience
i npact by the centroid of a hypothetical oil spill fromthe nine sites

under consi deration

It should be noted that the annual probabilities expressed in this
assessnment are based on the assunption that, on the average, one spil
woul d occur annually from any of the hypothetical spill sites. Therefore
since specific oil spill statistics were not used in this study, the expo-
sure probabilities should be interpreted only from a conparative viewpoint.
In addition, an assessment of shoreline exposure should include both the
l'i kelihood of exposure, and the time to exposure. Less likely exposure
sites with shorter tines to inpact could be nore significant due to
greater volunmes of oil likely to exist at the surfce upon inpact, dosage
and toxicity considerations, and shorter response time available for spil

contai nnment, diversion, and cleanup operations.

The overall strategy in sinulating the base case trajectories shown
in Figures B-1 through B-72 was deterministic in that all quantities were
uni quel y specifi ed. However, both systematic and random fluctuati ons may
affect the base case shoreline inpact distribution. The purpose of the
following perturbation analyses is to determine the sensitivity of the
shoreline distribution of contact cells and tinmes to inpact to perturba-

tions in the base cases.
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B. SYSTEMATI C PERTURBATI ON ANALYSI S

Sites 1, 3, and 7 were chosen to investigate the sensitivity of the
results to variations on the wind and net current patterns because they
~yielded a fairly wide distribution of shoreline inpact points for the base
cases. A systematic perturbation was defined to be one where the w nd and
current exhibit the same directional distribution as in the base cases

while the speed can be weaker (speeds |ess) or stronger (speeds greater).

For Sites 1 and 7, a set of four runs were nmade: 1) w nds weaker by
25% 2) winds stronger by 25% 3) net current weaker by 25% and 4) net
current stronger by 25% In each case, an initial tidal current phase
of zero degrees was used. (As discussed for the base case trajectories,
the starting phase of the tidal current was not found to significantly

alter the resulting trajectories.)

Trajectories for the systematic perturbation analyses for Sites 1
and 7 are presented in Appendix C, Figures c-1 to C 64. The figures are
arranged by wind patterns; that is, Figures G1 to C8 present the pertur-
bation trajectories for wind pattern No. 1. Figures C1 to C4 present the
perturbation trajectories for spill site No. 1 including trajectories for
the systematic perturbation of the net current (+25%) and the wind drift
current (+25%). Figures G5 to C8 present the trajectories for Site 7
with the same perturbation conditions specified above. Thi s arrangenent
al | ows conparisons between trajectories fromthe same site and a particul ar

wind pattern to be easily made.

Table 7 presents a summary listing of the termnation cells and
times to inpact of the systematic perturbation analysis. Since only three
sites were analyzed for the systematic perturbation analysis, devel opnent
of potential contact zones was not made since conparison with the base case
potential contact zones would be inconplete and possibly nmisleading. In
order to provide sone neans of conparing the effect that the systematic
perturbation has on the trajectory termnation cells and tines, Table 8 was
devel oped. This table presents the variation in contact cell termnation
by means of the distance, (in kms), between the base case termnation cell
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TABLE 7

SYSTEMATI C PERTURBATI ON  BOUNDARY CONTACT CELLS

*

Site 1
Net +25%
cell Tine to
Location | npact
Wnd Pattern X Y (hrs)
1 39 20 80
2 41 20 36
3 24 69 106
4 24 69 36
5 36 50 21
6 35 57 27
7 14 38 62
8 46 48 42
Wnd +25%
Cel | Time to
Location | npact *
Wnd Pattern ). Y (hrs)
1 40 20 59
2 51 6 44
3 24 69 70
4 25 70 30
5 36 51 20
6 35 54 16
7 15 39 47
8 46 48 34

Net -25%

Cel | Time to
Location | mpact *
X Y o _(hrs)
39 20 69
51 4 56
24 69 85
24 69 36
37 50 23
36 53 23
15 39 66
46 48 42

Wnd -25%

Cel | Tine to
Location | npact *
X Y (hrs)
39 20 105
40 20 48
24 69 147
25 70 51
36 50 25
36 50 21
12 36 105
46 47 105

*
151- hour truncation enpl oyed on timeto contact ( £150Chours contact was

made

151 hours no contact).
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TABLE 7

SYSTEMATL-C—PERTURBAT-ON—BOJINDARY —CONTACT—CELLS.

Site 7
Net +25% Net -25%

Cel | - Time to Cel| | —Time to

Location | npact * Location I npact *
Wind pattern X Y (hrs) X Y (hrs)
1 38 5 43 39 7 40
2 40 7 21 41 8 20
3 13 37 100 18 49 120
4 17 48 55 18 49 52
5 27 52 151 36 51 49
6 26 67 151 36 50 74
7 12 14 73 4 20 88
8 48 24 151 51 23 69

Wind +25% Wind -25%

Cell Tinme to Cell Time to

Locati on | mpact * Locati on | npact *
wind Pattern X Y (hrs) X Y (hrs)
1 39 7 33 39 3 61
2 41 8 17 39 7 29
3 17 48 98 13 37 141
4 18 49 42 18 51 79
5 28 63 151 26 41 151
6 36 50 61 28 61 151
7 3 19 73 14 13 91
8 51 24 58 48 23 151

*

151-hour truncation e i

npl oyed on tine

made; 151 hours no contacty). | to contact (<150 hours contact vas




TABLE 8

VARl ABI LI TY BETWEEN BASE CASE AND

SYSTEMATI C PERTURBATI ON TRAJECTORI ES

Site 1
Perturbation Cases
Wind Pattern

(Tidal Current Net +25% Net -25% Wnd +25% Wnd -25%
Starting Phase = AX AT AX AT AX AT AX AT
O Degrees) (km (hrs) (km {hrs) (km) {hrs) (km (hrs)

1 0.0 6 0.0 17 3.0 27 0.0 -19

2 3.0 3 58.2 -17 53.4 -5 0.0 -9

3 51.8 20 51.8 41 51.8 56 51.8 -21

4 0.0 2 0.0 2 4.2 8 4.2 -13

5 67.4 129 69.1 127 64.9 130 67.4 125

6 49.2 48 60. 7 52 56. 6 59 68.5 54

7 -9.5 -13 6.0 -17 6.0 2 17.5 -56

8 4.2 8 4,2 8 4.2 16 6.7 -55

Site 7
Perturbation Cases
Wnd Pattern

(Tidal Current Net +25% Net -25% Wnd +25% Wind -25%
Starting Phase = AX AT Ax AT AX AT Ax AT
O Degrees) ( k  £hrs) (km {hrs) {km) (hrs) (km {hrs)

1 3.0 -1 4.2 2 4.2 9 9.5 -19

2 4,2 1 0.0 2 0.0 5 6.7 -7

3 8.5 -2 31.3 -22 27.7 0 8.5 -43

4 0.0 -3 4.2 0 4,2 10 9.5 -27
5 4.2 0 30.6 102 30.6 0 36.0 0

6 9.5 -11 68.5 66 68.5 79 28.5 ~-11

7 29.5 25 6.7 10 3.0 25 36.2 7

8 12.7 -54 12.0 28 9.0 40 15.0 -54

AX = radial distance from base case ternmination cell to perturbation
termnation cell

Ar = difference in termnation times between base case and perturbation
case (Tbase ~Tperturbation). Positive AT indicates perturbation
trajectory term nated sooner than base case trajectory.
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devel oped. This table presents the variation in contact cell termnation
by means of the distance (in kms), between the base case termnination cell
and the systematic perturbation case termination cell. Table 8 al so
provides the tine difference between base case tines to inpact and syste-
matic perturbation case times to inpact. A positive time indicates that
the perturbation trajectory termnated sooner, a negative time indicates
the perturbation trajectory took longer to terminate. This information
provi des direct comparison of the expected variability of the results of
the oil spill sinulation when subjected to the specified systematic per-

turbation of the input data.

For Site 1, wnd pattern No. 1, Table 8 shows that all perturbation
trajectories ternmnated close to or at the base case ternmination cell (see
Figures C1 through C4). The tinmes to inpact are shown to be sooner than
the base case for the perturbation cases net +25 percent and wind +25 per-
cent, and later for wind -25 percent. In light of the wind and net current
patterns, the only unexpected result is the shorter ternmination tine for
the perturbation case, net +25 percent. Conpari son between the base case
trajectory and the net +25 percent trajectory shows that the later trajec-
tory is noved closer to Port Graham and into. a weaker net current field,
even after being increased 25 percent. This allows the wind to nove the
trajectory further south in the sane period of time resulting in an earlier

contact tinme conpared to the base case.

As shown in Table 8 the distances and termination tines for perturba-
tion cases net +25 percent and wind -25 percent for Site 1 are simlar for
both wind patterns Nos. 1 and 2 (see Figures CG1, G4, C9, and C12).
However | arge variations exist for perturbati on cases net -25 percent and
wi nd +25 percent for site1wind patterns Nos. 1 and 2, (see Figures C 2,
c-3, ¢-10, and G 71). The perturbation trajectories shown in Figures C 10
and c-11 do not inpact Ushagat |sland as the trajectories shown in Figures
G2 and C-3 do, but traversed slightly to the east between Ushagat and W
Amatuli | slands, and termi nated on the grid boundary. This provides the
large variations in these two sinmilar sets of perturbation cases. The
stronger w nds associated with the perturbation case wind +25 percent for
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wi nd patterns No'. 2 drive the trajectory through the northwesterly flow ng
net current field in Kennedy Entrance faster, thus reducing the westerly
conponent inparted to the base case trajectory by the net current. The
i ncreased wind velocity also reduces the westerly conponent of the result-
i ng vectoral addition of the various current conponents, also aiding the
more easterly perturbation trajectory.

The perturbation case for Site 1 wind pattern No. 2 net -25 percent
generates the sane effect. Reducing the net current in Kennedy Entrance
reduces the westerly drift in that area, however, the tinme elenent is not
as inmportant. The trajectory passes through the Barren Islands slightly
sooner than it took the base case to inpact Ushagat Island. This is minly
attributed to the reduced northerly conponent of net current above Cape
El i zabet h.

For Site 1 wind pattern No. 3 (see Figures C 17 through G 20), the
results of all the perturbation cases show a difference in distance of 51,8
km from the base case trajectory termnation cell. The base case trajec-
tories narrowy passed Kalgin Island and termnated at the grid boundary
bet ween The Forelands. all perturbation trajectories for site 1 wnd
pattern No. 3 terminated at the southern tip of Kalgin Island. The tines
to inpact show the relative influence of the current field being syste-
matically increased or decreased. The relative tines to inpact are also
consistent with |ogical expectations given the relative magnitudes of the

wind drift and net current conponent fields through this region of Lower
Cook Inlet.

The trajectories for Site 1 wind pattern wNo. 4 show little variation
in distance between termination cells conpared with the base case tra-
jectory termnation cell (see Figures C-25 through CG28). Al trajectories
terminate along the southern portion of xalgin I|sland. Since wind pattern
No. 4 is the same as wind pattern No. 3, except for greater wind speeds, it
becones apparent that the wind drift current conmponent dominates the
trajectory for this site. The times to inpact also show that the wind
field domi nates as perturbation cases wind +25 percent produce the only
significant variation.
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wind patterns No. 2 drive the trajectory through the northwesterly flow ng
net current field in Kennedy Entrance faster, thus reducing the westerly
conmponent inparted to the base case trajectory by the net current. The
increased wind velocity also reduces the westerly conponent of the result-
i ng vectoral addition of the various current conponents, also aiding the

more easterly perturbation trajectory.

The perturbation case for Site 1 wind pattern No. 2 net -25 percent
generates the sane effect. Reducing the net current in Kennedy Entrance
reduces the westerly drift in that area, however, the tinme elenment is not
as inportant. The trajectory passes through the Barren I|slands slightly
sooner than it took the base case to inpact Ushagat Island. This is minly
attributed to the reduced northerly conmponent of net current above Cape
El i zabet h.

For Site 1 wind pattern No. 3 (see Figures c-17 through C 20), the
results of all the perturbation cases show a difference in distance of &51.8
km from the base case trajectory termnation cell. The base case trajec-
tories narrowy passed ®algin |sland and terminated at the grid boundary
bet ween The Forelands. 211 perturbation trajectories for Site 1 w nd
pattern No. 3 ternminated at the southern tip of XKalgin Island. The tines
to inmpact show the relative influence of the current field being syste-
matically increased or decreased. The relative tines to inpact are also
consistent with |ogical expectations given the relative magnitudes of the
wind drift and net current conponent fields through this region of Lower
Cook Inlet.

The trajectories for Site 1wind pattern No. 4 show little variation
in di stance between termi nation cells conpared with the base case tra-
jectory termination cell (see Figures C25 through C-28). All trajectories
term nate along the southern portion of xalgin I|sland. Since wind pattern
No. 4 is the sane as wind pattern No. 3, except for greater wind speeds, it
becones apparent that the wind drift current conmponent dom nates the
trajectory for this site. The tines to inmpact also show that the wind
fiel d doninates as perturbation cases wind +25 percent produce the only

significant variation.
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Table 8 shows |arge variations between all perturbation cases for
Site 1 wind pattern No. 5 and the base case termnation cell and tine to
i npact (see Figures C-33 through G 36). The base case trajectory slowy
noves northward and inpacts the southern tip of Kalgin Island (w nd
patterns Nos. 5 and 6 are simlar in direction to Nos. 3 and 4 in the upper
portion of Lower Cook Inlet). However, all perturbation trajectories for
Site 1 wind pattern No. 5 nove easterly and terminate along the shoreline
in the vicinity of Anchor Point.

Since wind pattern No. 6 is simlar to wind pattern No. 5, the re-
sults of the systematic perturbation analysis for Site 1 are also sinilar
(see Figures C-41 through c-44). The base case trajectory for Site 1 under
the influence of wind pattern No. 6 nobved northward and termninated on
Kalgin | sl and. As for wind pattern No. 5, the perturbation trajectories
for wind pattern No. 6 noved eastward and terminated along the shoreline
in the vicinity of Anchor Point.

The base case trajectories for Site 1 wind pattern No. 7 all nove
basically westward, meking contact between chinitna and |ni skin Bays
(see Figures C-49 through c-52). wind pattern No. 7 is predom nantly
westward in this section of the inlet. The net current changes from
northeasterly to northwesterly to southwesterly as one noves from east to
west across the inlet fromspill site No. 1. The strongest net currents
are the northeasterly and southwesterly flows. The perturbation cases for
Site 1 wind pattern No. 7 show relatively small variations in termination
cell distances. This indicates the dom nance of the wind for these trajec-
tories. The perturbation case net +25 percent terminates further south
than the base case as expected due to the increased southwesterly flow near
the western shoreline. The time to contact is increased over the base case
as the trajectory mves further from Site 1.

The perturbation case net -25 percent for Site 1wind pattern No. 7
allows the stronger tidal currents along the eastern side of Lower Cook
Inlet to have a greater effect on the trajectory as it noves nore southerly
than the base case trajectory during its initial novement away from spill
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site No. 1. This results in the perturbation trajectory termnating slightly
south of the base case trajectory. Due to the reduced westerly conponent
fromthe net current, the tine to contact is increased.

The perturbation cases wind +25 percent for Site 1 wind pattern No. 7
al so show ternmination cells and tines to contact as expected (see Figures
C-51 and C-52). The wi nd +25 percent perturbation case takes less time to
contact and is slightly south of the base case, not being affected by the
northerly conponent of net current in the southern edge of the net current
eddy off of Chinitna Bay. The wind -25 percent trajectory takes |longer to
i mpact and mekes contact south of the base case trajectory termnation cell
as the stronger tidal currents on the eastern Si de of the inlet have a longer
period of tine to affect the trajectory novement. The southwesterly flowi ng
net current along the western portion of the inlet drives the trajectory

further south.

The perturbation cases for Site 1 wind pattern No. 8 (see Figures C57
through C-60), show relatively little variation in contact cell conpared with
the base case trajectory. The winds near spill site No. 1 fromw nd pattern
No. 8 are easterly and because the net currents are small in magnitude, the
winds dominate trajectory novenment. This is readily apparent fromthe vari-
ation of the perturbation cases net +25 percent, which are identical. As
expected, the perturbation case wind +25 percent arrives sooner and wnd -25

percent arrives |ater.

Simlar reasoning can be applied to the systematic perturbation tra-
jectories run for site 7 to provide insight to the variations in contact
cell distances and termination tinmes presented in Table 8. As can be seen
fromthe values listed in the table and the trajectories shown in Figures CG1
through C-64, significant variation can exist fromselected sites and w nd

patterns.

It should be enphasized that the systematic perturbations ‘were applied
to rather spatially uniformcurrent fields with only one sinmplified time-
dependent current conponent (tidal current). In reality, the current fields
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woul d experience a w de range of spatially and tenporally varying perturba-
tions. However, the results of the systenatic perturbation analysis show
that trajectory variations do exist and can be quite |arge. Perturbation
trajectories should be examned closely in order to understand the variation
in termnation cell distances and tine differences presented in Table 8.

A special systematic perturbation analysis was conducted for postulated
spill site Nunber 3. This site is the nost westerly of all the postulated
spill sites. Questions arose during the study regarding the inpact that
m ght occur along the shoreline of kKamishak Bay and Augustine Island due to
a reduced wind field magnitude inposed on the trajectories originating from
Site 3. Alimted systenatic perturbation analysis was perforned for Site 3
using all eight wind patterns reduced in magnitude by 25 percent. An ini-
tial tidal current phase of zero degrees was selected for each run. The
eight trajectories are presented in Appendix C, Figures C 65 through c-72.

Trajectories from Site 3 for wind patterns 1 and 2 would have the
potential to inpact Augustine Island if the wind vector nagnitudes were
reduced so that the wind drift current conponent was nearly equal to the
net current conponent. As seen in Figures G65 and C-66, the wind drift
current conponent still dominates even after being reduced 25 percent and
the trajectories nove southerly and southeasterly away from Kamishak Bay.

If wind patterns Nos. 3 and 4 were reduced in nmagnitude so that the
wind drift current conponent were equal to or less than the net current
conponent, the resulting trajectories could be driven in a westerly or
sout hwesterly direction. This would result in potential contact being nade
along the northern shoreline of Kamishak Bay or on Augustine Island. As
shown on Figures c-67 and C-68, the 25 percent reduction in the wind nmagni-
tude did not result in contact being made al ong Kamishak Bay or Augustine
Island. The winds still domnate the trajectory movements driving them into
the shoreline between Iniskin and Chinitna Bays.

Due to the wvectoral conbinations of the wind drift and net current
conmponents, wind patterns Nos. 5 and 6 would need to be severely reduced in
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magnitude to result in trajectory novenent from Site 3 into Kam shak Bay.

Figures C-69 and G 70 show that this situation was not created, even for a
25-percent reduction in the wind field magnitudes. The trajectory for wind
pattern No. 5 noves slowy toward the southeast until it encounters the
weaker net currents in the central portion of Lower Cook Inlet. The tra-

jectory then noves toward the northeast until it exceeds the simulation tine
limt and ternminates in the mddle of the inlet. The trajectory driven by
wind Pattern 6 shows a similar fate, with the influence of the wind field
being nmore dominant and driving the trajectory further up the nmiddle of the

inlet.

Wnd Pattern 7 is directed toward the northwest near Site 3, and the
base case trajectory is shown on Figure B-57 to move alnost due west making
contact just north of Ursus Cove. [f the winds were reduced, the net cur-
rent mght drive the trajectory further south into Kamishak Bay. As shown
on Figure CG71, with the wind field reduced 25 percent in magnitude, the
trajectory does nove further south than the base case and takes nearly
twice as long to nake contact. However, with the 25-percent reduction in
wind field magnitude, the trajectory term nates only 10 km fromthe base
case trajectory and does not nove into the southern portion of Kami shak Bay.

Wnd Pattern 8 would need to be reduced to nearly zero magnitude
before a trajectory from Site 3 would have even a renote chance of noving
into and nmaki ng contact along the shoreline of Xamishak Bay. However., for
continuity this wind pattern was reduced in magnitude by 25 percent and a
trajectory sinulated. The base case trajectory for Site 3 wind Pattern 8
made contact near Cape Elizabeth. The reduction in the wind speed allows
the trajectory, shown in Figure c-72, to be driven further south due to the
i ncreased influence of the net current conponent. As the trajectory ap-
proaches Kennedy Entrance the net current and wind drift current components
becone nearly equal in nagnitude and opposite in direction. This results in
the centroid of the trajectory oscillating with the tidal currents in a
nort hwest and southeast direction until it exceeds the sinulation tinme limt

and term nates.
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c. RANDOM PERTURBATI ON ANALYSI S

A random perturbation analysis was performed in recognition that the
environmental forcing fields are not smooth and determninistic, but are af-
fected by naturally occurring turbul ent phenonena. As in the systematic
error analysis, the purpose of the random perturbation analysis is to nea-
sure the sensitivity of the final shoreline distribution of inpact points

to these fluctuations.

To carry out this approach, the probability distribution functions for
the wind and current fields are needed. The only data for which measure-
ments Of standard deviations were readily available were for net currents.
These data were only available at a few stations, where the standard
devi ation was given parallel and perpendicular to. the nean net current
vector. The measured net current standard deviations were used to estimte
a sinplified distribution of the standard deviation for the entire net

current field as shown in Figure 18

The deviations are largest in the Kennedy Entrance area where the net
current field exhibited considerable variability. \Wile the net currents
in Ramishak Bay are generally weak, they also appear to be relatively
stabl e and consequently show small standard deviations in both components.
Simlarly, the net current field in the mddle portion of 1ower Cook Inlet
west of Kachemak Bay is relatively well defined conpared to the southern
portion of the Inlet. The standard deviations are larger than in Kamishak
Bay since the current field itself is stronger. The standard deviations of
net currents in the vicinity of Kalgin Island are not defined since current
neter data are not presently avail able. Hence, no random perturbation
cases were run in this area

At each tinme step, the net current was perturbed by adding vectors
parall el and perpendicular to the mean net current. The magnitudes of these
additional vectors were randomy drawn from a normal distribution with a

nean of zero and the standard deviation as defined in Figure 18.
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A series of 1strajectories were run for each selected base case where
the net current field was subjected to a random distortion throughout the
entire period of sinmulation. These trajectories are shown in Appendix C,
Figures C-73 through C-78, (note that, for purposes of clarity, only nine
trajectories are plotted in each figure). By chosing 18 trajectories, it
can asserted that 90 percent of the trajectory population lies within the

extrenes of the observed shoreline distribution at the 75-percent confi-
dence |evel.

The results of this perturbation analysis nmust be interpreted with
SONE care. The conputed distribution of shoreline inpact points is not
representative of any annual distribution. Rather, the distribution of
shoreline inpact points is what might possibly be expected, given that
the base case simulation conditions are prevailing and assum ng that the
standard deviation derived fromthe current neter records are uncorrelated
w th space and tine. Specifically, the net current standard deviations
must be assuned to be uncorrelated With the wind and current fields. The
trajectory deviations fromthe base cases, then, are due only to purely

random phenonena acting to nodify the bse case environnental fields.

Adopting this point of view, an inportant conclusion can be drawn
based on the relatively narrow range of shoreline inpact points. Thi s
range - - approxi mately three grid cells or 10 km-is less than what is
believed to be attributed to unknowns in the base case data itself. For
exanpl e, the range of inpact points observed in the systematic perturba-
tion analysis is nuch greater than that conputed here.

Since the random deviations inposed on the net current field are se-
lected froma Gaussian distribution, it is possible to derive approximate
results that indicate the functional dependence of these results on step
size. Consider an idealized case where:

2) the base case net current field is uniformin space and constant
in tine.
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The resultant distribution on a line perpendicular to the net current field
woul d be normal with a standard deviation given by

og =,/ n *+0 *At (2)

where ¢g = standard deviation of the inpact point distribution

n = nunber of steps required to reach the trajectory end point
At = time step

o1 = standard deviation of the random conponent of the net current
distribution

The trajectories shown in Figures CG73 and CG-74, remain in the region
where o4 is a constant 7.5 cm's (270 m/hr). Ignoring divergencies in the
wind and current driving fields, and noting that the base case trajectory
contacted the shoreline after 84 time steps, a value for og of 1.2 km
i s obtained. Thus, it would be expected that two-thirds of the random
perturbation cases would inmpact within approximately 2.5 km of the shore-
line. This is less than one grid cell. Cearly, except for long trajec-
tories or those noving through areas of high variability, the devia-
tions in the base case trajectories introduced by random perturbations in
the net current field are small.

The effect of the tine step, At, on the shoreline distribution can be
determned by rewiting Equation (2). Since, in the idealized case, there
is no velocity perturbation parallel to the constant, uniform base case net

current field, the nunber of tine steps in the sinmulation is given by
T
n = —
At
where T = period of simultation, a constant. Using this result, Equation
(2) can be witten as
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g = JT-At .0,

Thus, the standard deviation of the distribution of shoreline inpact points

is proportional to the root of the tine step.

Information on the persistence of the net current field fromthe field
observations was not available during this study so At was chosen to be
equal to the time step size used in the base case sinulations, one-half
hour. 1f, in fact, the persistence is greater than this value, the disper-
sion of shoreline inmpact points would be underestinmated by the val ue of
1.2 km cal cul ated for us. If the persistence is, say, an order of magni-
tude |arger than assuned here, then the value of og would only be approx-
imately 4 km or just over one cell width. In order to have a major
i npact on the results presented, the net current persistence would have to
be on the order of 100hours. However, if this is true, then the basic
assunptions inherent in this random perturbation analysis are not likely to
be valid and an entirely different approach to the analysis of random

fluctuations in the net current field would have to be taken.

Figures C77 and C-78 illustrate the inportance of the base case
driving fields relative to their random deviations. The clear bifurcation
of the 18 trajectories can be understood by noting the divergence of the
tidal current field in the |ower portion of Xamishak Bay as illustrated in
Figure 12. The resulting direction each trajectory takes is determ ned by
which of the divergent current vectors is first encountered due to the
random fluctuati ons. The bifurcation results in larger trajectory devia-

tions than introduced by random fluctuations alone

This explanation suggests that the shoreline distributions shown in
Figures c-77 and C-78 night be basically different if starting tidal phases
other than zero degrees were selected for initiating the trajectory from
Site 7. For exanple, the tidal current pattern for an assumed phase of
180 degrees, (see Figure 14), does not show the divergence that caused the

observed bifurcation in Figures C77 and C 78.
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v. RECOMMENDATIONS

“The results and conclusions arising fromthis project are sumarized
in the Executive Summary. Consequently, the follow ng discussion focuses
on recommendations for future work directed toward devel oping a nore
accurate, conprehensive understand ng of the fate and behavior of oil

spills, particularly in Lower Cook Inlet.

One primary area of concern is the nature, extent, and quality of the

wi nd and current data used to develop the basic spill centroid driving
forces. As indicated in the Executive Summary, wi nds dominate the oil
spill novenent simulated in this study. However, the meteorol ogical

data base has not been developed to the |evel of detail believed required
for reliable oil spill sinulation analyses. For exanpl e, using constant
wind fields over a period of up to 150 hours does not accurately represent

t he expected wind persistence in the Lower Cook Inlet region.

Aan inmproved nethod is needed to sinulate nore representative w nd
fields that approximate the time histories and persistence of w nds over
Lower Cook Inlet. It is suggested that the. sane basic typology of wi nd
patterns devel oped by Putnins (1966 and 1967) be used in conjunction wth
a first-order transition matrix, which would link the wind patterns in
simul ati ng a neteorol ogi cal event. Such a matrix would give, for any w nd

pattern, the probability of transition to any other wi nd pattern.

In place of the deterninistic base cases devel oped here, an ensenble
of sinmulations fromeach site could be run to directly devel op the equiva-
lent of Figure ES-2, the annual percent probability of shoreline exposure.
While the results of such an approach are difficult to predict, a nuch
broader distribution of impact points would be generally expected due to
the variability of wind patterns inposed. For exanple, realistic sequences
of events could lead to inpacts in, say, the Cape Douglas area that do not

occur under the present approach (see Figure G 77).
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An exanple trajectory generated by the inplenentation of a sinplified
version of such a scheme is shown in Figure 19. \Wile this trajectory is
based on a hypothetical sequence of events, it does illustrate that explicit
inclusion of the tine dependency of the winds can potentially lead to tra-
jectories and inpact points not attainable under the approach used in this
study .  This trajectory was generated in the follow ng nmanner:

1) Net and tidal currents were unchanged from the base case
simul ati ons.

2) Wnd fields were the same as the base case with the exception that
they were (arbitrarily) assuned to persist for only 30 hours.

3) Wnd field transition probabilities were taken to be 1/7. That

is, given any wind field, the probability of transition te any
other was equally likely.

4) Usi ng random nunbers, several sets of wind field sequences were
generated until a “reasonable” one was available. Typically, the
reasonable criteria was used to elinmnate transition sequences
such as 7-8-7.

5) The selected sequence of Patterns 6-5-7-7-2 was input to the oil
spill model and the trajectory calcul ated.

The nature of the resultant trajectory makes evident the clear need to
i nclude the tine-dependency to the neteorological data in future efforts.

It is proposed that a fundamentally different schene night be con-
si dered which would link a meso-scale wind nbdel directly to the oil spill
nodel to provide direct input representation of wind fields. One not e-
worthy advantage of this approach would be its ability to nore accurately
represent local wind field disturbances than are presently available in the
use of Putnins Wi nd types. In addition, this methodol ogy woul d permit the
modeling of realistic neteorologic events such as the passage of a front

across Cook Inlet.
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The use of such a meso-scale wind field nodel, while expensive to run
repeatedly is a step toward the devel opnent of an operational real-tine oil
spill nodel. A bank of results could be devel oped for commonly observed
nmet eorol ogi ¢ events and the results filed for quick recall or the nodel
could be run when aspill occurred given the specified prevailing w nd

condi tions.

Additional efforts to inprove the net and tidal current information
nmust al so focus on nore objective techniques to develop the requisite vec-
tor fields. However, the principal difficulty here is not the existence,
but rather the availability of field data. As a result of several ongoing
prograns, a wealth of water colum hydrodynani c data has been collected but
| argely renmins unprocessed. The m nimal hydrodynam ¢ nodeling work done
on this project suggests that an expanded hydrodynam ¢ nodeling effort
using the field data on hand, would |ikely be successful

Conpl etion of these proposed activities would increase the confidence
placed in the results of future oil spill nodeling efforts. Gt her areas
of investigation will need to be addressed in the long-term  Several field
observers have noted the inportant role that density fronts can play in
retardi ng the novenment and spread of an oil slick. Lower Cook Inlet in
the heavy runoff season will likely exhibit such fronts. One potential
means to deal with this facet of Cook Inlet hydrodynam cs is through the
use of satellite data.

In addition, the presence of ice in Cook Inlet can have a very signif-
icant effect on the distribution of spilled oil. For exanple, oil trapped
in or beneath ice may be transported well beyond the region otherw se con-
tam nated or may be held without significant decay for extended periods,
possibly as |long as several years. Q1| spills entrained by ice is an
area of research that has yielded little information to date for use by

model ers.
The oil spill nodel used in this study is based on a relatively
sinple, well accepted nethodology to predict spill <centroid novenent.
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Wil e sophisticated transport nodels are avail able, evaluations of the
environnental data base weaknesses indicate that nore sophisticated ap-

proaches are presently inappropriate.

As the quality and extent of the environnental data increase, nore
sophi sticated numerical nodeling efforts should initially focus on applying
a two-di nensional surface transport nodel. Unfortunately, the strong shear
exhibited by both the net and tidal currents (morerealistic wind fields
are also likely to exhibit nore shear than the ones used in this study)
may preclude the use of the Fay-Holt nodel (Fay, 1969 and Holt, 1972) for
spreading in cal mwater as used by several previous investigators (Isakson,
1975; Premach and Brown, 1973; and \Wang, 1974). A two-di nensi onal nodel
that could realistically treat shearing forces would contribute to the

state-of -the-art.

It is difficult to assess the inportance and viability of applying

t hree- di mensi onal hydrodynami ¢ nodel s. Presently, existing linmtations on
know edge of the physical processes, as discussed in Section Il, hanper
progress toward a 3-D nodel of oil dispersion. In addition, obtaining

carefully controlled verification data, particularly fromfield experi-
ments, has proven difficult. As a result, limted nodel verification

data are avail able.

Evaporation can be easily nodel ed, while wave-slick interaction,
al t hough recogni zed to be inportant in sinking, is very poorly under-
st ood. A prudent approach for future devel opnent would be to pursue
t wo- di mensi onal nmodeling, accounting for forces known to play a doni nant
role in oil novenent. The approach sel ected, however, should be easily

extendable to three dinensional nodeling when appropriate
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A-1 OVERVIEW

This appendix is intended to expand on the discussion contained in
Section Il describing the oil spill nodel used in the study. Particul ar
emphasis is placed on the nunerical algorithms in the nodel and the schenes
used to inplement them  Also included are several verification cases that

illustrate the correct operation of the nodel

A-2 TRAJECTORY ALGORI THM

One key aspect of the model operation is the input and interpolation
of the wind and current fields. Data defining the spatial and tenpora
variation of the wind and current fields are prescribed at the intersection
of the grid lines. Since the nunber of intersection points can becone
| arge (there are over 45,000 for the grid used in this study, see Figure
1), the nodel has been designed to accept input only at every nth intersec-

”

tion point where “n” is any integer up to the maxi mum di mension of the
grid. Selection of this quantity is based on the variability of the wnd
and current fields and the |evel of detail of the input data. For this
study, the net current field were input at every second grid point and the

tidal current and wind fields at every third grid point.

The tenporal variation of each of these fields is defined by specify-
ing the entire spatial distribution at one or nmore tines. I f only one
distribution is given for a field, that field is taken to be constant
t hroughout the period of simulation. This was, in fact, the case for both
the net current and wind fields. The tenporal variation of the tidal cur-
rent field was defined by specifying tidally driven currents at 12 points

in the tidal cycle.

Once this data is input, certain initialization and “housekeeping”
functions are performed and the actual conputations begin. The program
interpolates the wind and currents to the location of the spill centroid.
The i nterpolation schenme used is a three-way linear interpolation on the

two spatial dinmensions and on tine. Each of the vectors, wind, tidal
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current and net current is interpolated independently. For each vector the

program i nterpol ates speed and direction separately using the follow ng
expressions :

S, 4ent)s Ea-Telup-ue | Koxe © S(x,40E0 Y Xemx, ¢ S{Xy 4, t)
t -t Ye- Y, \Xe-X, Xa=Xy

Podemarf XatXe tS(,uLENE KX, ¢ S (gt
42749 | XX Xz- X,

i:El * 5L~‘jn .(Xl- Xﬁ . S<X|, '3‘)tl.5+ XO-X\ * S(XL)S‘)ts>
1a-y, \xa™x X =X,

* .
e (thx‘ - S (xUsl'tt\ t Xa- K ¢ S (x?.\‘in‘tn
%1“3| Xa-X, X=X,
where S{x, v,t) = conponent of speed at a point (x,y) at tinme t
Xor¥o = location of spill centroid at tine to
t1,t2 = times where input data are given where t3 <t <t,

and where X1,Y1,X2/Y2 are grid coordi nates surrounding the spill

centroid as shown in the follow ng diagram

xl)‘i?. xl)\(l.
N e
>((>).‘.$O
~ -
Xi, 4 xa,%t
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The total drift vector is then computed using Equation (1) of Section Il and
t he novenent of the oil slick centroid is then determ ned by that drift

vector.

For exanple, suppose that the centroid is at a location (¥X5,Y5) at

time t. The drift vector (u,,v,) conputed at that point then determ nes

the new location (x,,yn) at time t + At by

Xn (E+AL) = x5(t) + ugAt,

Yn(t+At) = ye(t) + VoAto

The trajectory is term nated when either the sinmulation tine exceeds an

upper limt or the trajectory intersects a land or water boundary cell.

The program produces a printed output which sumrarizes the input pa-
ranmeters and the location of the spill at the termination point of the
trajectory. Apart fromthe printed results, a plot of the trajectories is
al so produced. Up to 13 different trajectories can be displayed on one
plot with each marked by a different synbol at selected tines along the

trajectory

A-3 MODEL | NPUT

The operational structure of the nodel input and output is illustrated
bel ow.
(wisp| (T1DE (NET (oro| (oIL ﬁ:AMEs
i DS S B I \ \
1
SPI LL

trajectory
plots

printed
output

where denotes input data
denotes program
[::7 denotes output.
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A brief description of each entity foll ows:

Entity Description

W ND Data file describing the spatial and tenporal behavior
of the wind field

TI DE Data files describing the spatial and temporal behavi or
of the tidal current field

NET Data files describing the spatial and tenporal be-
havior of the net current field

aL Data file containing information on the oil itself
(i.e., spill location, density, etc.), and the spil
area (i.e., grid size, direction of magnetic north
etc . )

TOPO mta file containing gridded information on |ocation

of land, water, and boundary cells
NAVES Data file containing control names for data files

SPILL Program that conbines nmovenent and spreading al gorithns
to produce map of oil distribution

RESULTS Final output file containing listing of input data and
the location of the spill at specified tine steps.
This file may be sent directly to the printer.

PLOTS Traj ectory plot.

A detailed listing of the data in each of these files is given bel ow

aL
Vari abl e Units Descri ption
RUN - 80- character al phanuneric description of
the case this data file represents
SOP - Spreadi ng option: = 1 - spreading
2 - trajectory
DOP -- Display option: (valid for SOP = 2 only)

= o0 - display trajectory
termnation only

1 - display trajectory at
every PSTEP

2 - display trajectory at
every tinme step (o)

]
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PS TEP

RH20*
RO L*
S G
NU*
YSPILL
XSPI LL
Ccw

c1*
c2*
c3*

ADE FL

MAXDOSE*
M NTH K*
| MAX
JMAX

DS

*These paraneters were not
appl i cations

gm/cc
gin/cc
dynes/cm
cni/ se
kilometers

kil oneters

degrees

gi n/ et er

neters

kil oneters

well as transport.

used in this study, but
of the Dames & Moore oil spill model i nvol vi ng

Printing frequency given as an integer
multiple of the tinme step (DT).

density of seawater

density of oil

net surface tension spreading coefficient

ki nematic viscosity of seawater
Y - coordinate of spill location
x - coordinate of spill location

wi nd coupling coefficient
inertial spreading coefficient
vi scous spreading coefficient

surface tension spreading coefficient

angl e between wi nd vector and resultant
oil velocity vector

maxi nrum shoreli ne dosage
m ni mum oil filmthickness
cells

nunber of horizontal

nunber of vertical cells

grid size

are utilized in
spreadi ng
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AR D

DT
ST
DCYCLE*

CUTOFF*

RSALG*

MFAC(1)

MFAC(2)

MFAC(3)

EVAPP*

EVAPT*

YAXIS

Q’*

degrees

hour s
hour s

hour s

hour s

hour s

hour s

per cent
hours

inches
i nches

kiloliters

angle from x-axis to nmagnetic north,
neasured positive clockw se

time step
simul ated period
simulation period for force calculation

first numerical constant for spreading
cal cul ation

second nunerical constant for spreading
cal cul ation

calculation start time in wind cycle

calculation start tine in tidal current
cycle

calculation start tine in net current cycle

nunber of cells at which wind data are
i nput

nunber of cells at which tidal current
data are input

nunber of cells at which net current
data are input

maxi um Per cent evaporation | oss
maxi um peri od of evaporation
length of x-axis on plot

I ength of y-axis on plot

vol ume of spil
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WND, TIDE, NET

Both wi nd and current data are input in the same fornat. For any

given paraneter, the total set of data can be schematically represented

as follows:
BLOCK 1
ty |
BLOCK 2
BLOCK n-|
tn |

Block 1 data describe the spatial dependence of the wind or current
fields at timet = O Block 2 describes the fields at t2, and so on. The
last time, t, denotes the cycle tine of that wind or current field. For

n

times greater than t,, the input file is rewound and reused with each tinme

val ue increased by tn.

Wthin each block, the wind or current fields are input at every nth
grid intersection. They are specified in the order (speed, direction)
with FORMAT (16F5.0). The direction is relative to magnetic north (positive
clockwi se) and speed is in neters per second.
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| NPUT DATA FILES. TOPO

The topographic data file uses the follow ng convention:

[ Val ue
“valid” water 4
“invalid" water 3 ’
| and 2

wat er boundary

—

Here *“valid” and “invalid” denote water areas where oil may and may
not be allowed by the nodel. These areas must be separated by a line of
cells having a value of 1, the water boundary cell value.

Each cell within the grid is assigned, one value. For input conveni-
ence, each row may be specified by values in cells that are different from
the adjacent cell in that row  The programwill fill in the grid with the
proper val ues.

The input is formatted so that the first five columns for each row is
an identifier'.” Colums 6 to 80 correspond on a one-to-one basis with cells
in arow If there are nmore than 75 cells in a row, the same scheme is

continued on the next record in colums 6 to 80.

INPUT DATA FILE: NAME S

Several sets of data may be processed in one run of the oil spill
nodel . Input data file NAVES is the main control file for the spill nodel,
directing it to the correct data files.
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Each input line represents one case. The file nanes are input as

follows :

COLUWNS FILE

1 -7 Name ofthe “OL" data file
11-17 Name of the ‘'TOPO" data file
21 - 27 Nanme of the “WND' data file
31 - 37 Name of the “TIDE" data file
41 - 47 Name of the “NET" data file

The last card of this file nust have the letter “END’ in Colum 1-3.

Exanpl es of these input data files are included in the next section.

A-4 VERI FI CATI ON

A series of test runs have been nmade where the trajectory can be ana-
Iytically described fromthe solution of a set of differential equations.
In addition, three test cases were run where the wind and net current
fields were isolated to give a nore qualitative the verification of the

nodel .

The four analytic verification cases are all based on one set of
driving forces that are sinplified anal ogi es of the actual environmental
forcing fields used for this study. A constant wind, a spatially varying
net current field and a tenporally varying tidal current field defined
on a 13 x 13 grid were run singly or in conbination to test the nodel.
The necessary data files used to run the verification cases are shown in

Tabl e A-1.

The O L data file shown is best understood by reading it left to
right, line by line, in correspondence with the list of input paraneters
gi ven above (al so, see Table A-2 for a restatement of the input data by the

program itself).
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TABLE A-1

VERI FI CATI ON DATA FI LES

OL data file

2. 0. 20. 7.769 7.769

1. .85 9.5 00012 1000. 14
0.03 1.14 1.45 2.3 0.0 0.0
13 13. 1.5 270. 0.1 8.
0.0 0.0 0*0 13. 13. 13.0
TOPO data file

13 2 2

12 23314 42

11 2314 42

10 214 41

9 24 42

8 24 42

7 24 42

6 24 42

5 24 42

4 24 42

3 24 42

2 24 42

1 1 1

WND data file

6. 180. 6.0 180.
6. 180. 6.0 180.
30.
NET data file

0.0 270. 0.6 270.
0.0 270. 0.6 270.
30.
TIDE data file

o4 0. .4 0

4 0. 4 0
2.0

A 90. 4 90.
A 90. o4 90.
4.0

4 180. 4 180.
A 180. A 180.
6.0

A 270. A 270.
*4 270. .4 270.
8.0
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DA ME

TABLE A-2

SAMPLE OF PROGRAM QUTPUT

SAND

MOO Rt

o It

S PILLMODE L

RUNIDENTIFICATION: VERIFICATION TEST TRAJECTORY MODE.

SPREADING OPTION 2
PRINT FREQUENCY 5

DENSITYOF OIL
KINEMATIC VISCOSITY
WIND COuUPLING COEFFICIENT
VISCOUS SPREADING COESF ICIENT

WIND/OIL NEFLFCTION ANGLE
MINIMUMFILM THICKNESS 0.

NUMBER OF VERTICAL CELLS

MAG.

STOF TImME 30,0 (HRS)
SPREADING ALGORITHM O
PRIMARY CUPKRENT STALT TIME
wIND GRID MULLTIPLF 13

RESIDUAL CUKRENT GRID MuLTIPLE 13

«850 (GM/CC)
.012 (CMeu2/5EC)
.0300

13
NOKTH=HORTZONTAL AXIS ANGLE

les5
(DEG)
(M)

0.0

N.0000

Y=COORDINATE OF SPILL LUCATION

MAXIMUM PFRIOD OF EVAPORATTIUN

DATa CYCLF PERIND B, 0000 (RHRS)

v~ax]S LENGTH 7.77 LINCHES)

FIELD LENGTH BENUIRED 1S 053502R

TRAJECTORY
TRAJECTORY
TRAJECTORY
THAJECTORY

1 TERMINATEDAT CELL
2TFRMINATED AT CELL
3 TFRMINATED AT CHLL
aTFPMTMATEND AT CELL

1o
10
2
2

270.h (DEG)

(H145)

5,00000E+00 (KM)

(HRS)

13 a7 TIME
13 a7 TIME
o a1 TIME
10 AT TIwmE

0,400
17.600
13.600
14980

DISPLAY OPTION O

DENSITY OF seawaTer 1. 000 t(emM/cch
SPREADING COEFFICIENT 9500 (DYNES/CM)
SPILL VOLUME 1000,00 (KLS)
INERTIALSPREADIMG COEFFICIENT 1.14
SURFACF TENSTON SPREADING COEFFICIENT 2.30
MAXIMUM SHNORF DJSEAGE 0.00(GM/M)

NUMRER OF HOROZONTAL CELLS 1 3

GRID SIZE 1.50 (KM)

TIME STEP « &Ofl(I (HRS)

CI.J1OFF .30

S4IND STAKRT TIME 0.0000 (HKS)

RESINUAL CURRENT START TIME 0,0000 (HRS)
PRIMAPY CURRFNT GRT0 MULTIPLE 13
X=CNORDINATE OF SPILL LOCATION 1.40000E«01 (4
MAXIMUMEVAPNRATIVE LOSS Q. PERCENT

DRIFT COMPUTATION END TIME 8.0000 (HRS)
X=8X1S LENGTH 7.77 (INCHES)

HOUPS,

HOURS,

HOUES,

HOURS,



The TOPO data for this 13 x 13 grid was given a file name of TOPO
The first five colums are nunbered 1 to 13 to correspond to the row
nunbers. Notice how the various areas are coded to represent |and, water,
and boundary cells.

The WND file is very conmpact since a constant wind is easily speci -
fied. This file represents a wind with speed of 6 nis and a direction of
180°. Since the grid is 13 x 13 and, by reference to the AL data, input
is specified at every 13th grid points, only four values are required to
fill the entire grid.

The NET CURRENT file illustrates data varying in space. This data
represents a current that gradually changes its speed along the X axis.
At X =0Othe current is 0.0 ms, at X = 13 cells, the current is 0.6 nis.
This current is at constant direction of 270 degrees (current toward
west) .

The TIDE curreNT file illustrates data changing with time. This is a
tide of constant speed of 0.4 m's that periodically changes its direction

in a circular manner from O degrees at t=0to 360 degrees at t=8 hours.

The four wverification cases run using these input data files are

listed bel ow
CASE I. Constant Drift
This case shows the spill nmovenment as a result of a constant w nd.

The analytic solution is:

where ¢, = wind coupling coefficient = 0.03
V, = wnd speed = 6 m's
%o+ Yo = centroid starting position
x(t),y(t) = centroid position as a function of tine
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CASE 11. Tine-Dependent Drift

This case tests input data varying With time and shows the location

of the spill

centroid as a result of the Wnd and tide. The anal ytic
solution iss

AT VRV V*_-e,os(_";.xt_.tjg 4 Vy sin (%.ty

Cap ] + VAU o (BE)T + rad e ('%-t)?
YOy Cudee + vad- 4 - sin G&"t)* 4.

8= ~l4de A - ;) +ox, 4 L4l 4
X (&) = c.os(ﬁ ) X 3

where the sane paraneters as Case | are in use.

CASE |Il. Space-Dependent Drift

This case tests input data varying over space and shows the [ocation
of the spill centroid as a result

of the wind and net current. The ana-
lytic solution is:

A

V= (‘—w'vu:l = Vl’\'x

~
]

= 0.(,453 - %%B-XT
ke xo SRES
Y= 0.L48 't + 4,
CASE IV. Conpound Drift
This case illustrates both tinme and spatiall y-dependent driving fiel ds
and is a conbination of Cases Il and !lI.

The anal ytic solution is:
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Vs GVl s Vercos(pe)le v mn(gE)s - Ve ks

~ ~ n~
= ° g o)+ gl S (T e\ - 2l - X
048 |+ 144 Qbs(q Yy ' (q )i Tl X,

= . : -t t o
yit)= o048t * .44 'f‘%\r_ sn(l; Y+ oy

- Zh -t
_WSo
X{t)= 0.2s3s 'sm(‘l““t\) "\‘7‘\71'@5(1_:1'«—_)'* 159477 &
These four cases were run using the oil spill programwth a time step

of 0.1 and 0.4 hours. The printer output, plots of the analytic solution,
and plots of the verification runs are shown in Table A-2 and Figures A-1
to A-3. The differences between the analytic and conmputed solutions are

due to a finite tine step and are sumarized bel ow.

Di spl acenent (km) of Spill at t = 10 hrs

Conputed Sol utions Rel ative Difference
Anal ytic
Traj ectory Sol ution At = 0.1 hr At = 0.4 hr At = 0.1 hr At = 0.4 hr
1 6. 48 6. 48 6. 48 0.0% 0.0%
2 8.51 8.57 8.72 0.7% 2. 4%
3 11. 40 11. 42 11. 49 0.17% 0.78%
4 11.91 12.03 12.38 1.00% 3.9%

These results provide confidence that the program correctly inplenments
the basic novenent algorithm and that a 0.4-hour tinme step was adequate for

use in the renuminder of the production runs.

The renmaining verification runs were nade after the input data for the
actual current and wind data was ready for analysis. These runs, which
consisted of using the net current and selected wind fields in isolation,
serve to partially verify these data sets and to verify operation of the
model under nore conplex conditions than the analtyic verification cases.
The results are shown in Figures A-4 through a-9. Hand cal cul ations in-
dicate that these trajectories are consistent with “eyeball’’i nterpolation

of the input data.
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O L SPILL PROGRAM LI STI NG

PRUOLRAWM SpILL

“DECK SPILL

CoRSeE i aRaa Rt d i iRdd iR iR iRttt adtadaddddodapadttReteenatttanssns

c
c
Cc
Cc
c
Cc
Cc
Cc
C

PROGRAM SPILL {INPUTsOUTPUTITAPE 14 TAPE29 TAPE3+TAPE4s TAPE T+ TAPES
. TAPEL=INPUT» TAPEb=0UTRUT)

COMMON X(1)
TAPE1 - WIND DATA (INPUT) *
TAPEZ ~ TIDt DATA (INPUT)

TAPE3 - NET CURRENT DATA  (INPUT)

TAPF4 - GEOGRAPHIC UATA (CELL DEFINITION) (INPUT)
TAPE5 - CONTROL INFORMATION {INPUT)

TAPE6 - HESSAGE FILE (OUTPUT)

TAPET OIL DATA FILE (INPuT}

TAPES - PLOT FILE (OUTPUT)

GEORRBGER GO G A GG VR ARG TR UG RS ERO B RBSRC RO PIRNEBRRSRD P EULERAARNEERRES

CALL PKEP
END

SUBKOUTINE CELLIO

DECK CELLIO

C
c
c
C
C
c
c
c
C

Cee

2

SUBROUTINE CFLLIU(CELLYIMAXyUMAX)

THIS SUBROUTINE READS THE CELLS DEFINITION.
CONVENTION USED:

1 = WATER BOUNDARY

- LAND
3 = INVALID WATER
4 - VALID WATER

BLANK ~ ceLL 1s OF THE SAME Type AS THE CELL TOo ITS LEFT

INTEGER CELL {IMAXsJMAX]) oF IRST

1ER=0

DO 5 JusledMAK

JIMAX=JJ+]

N=0

READ(431009) IDo(CELL (IsJ)esI=lelIMAX)
DO 5 I=1leIMAX

CHEKING VALIDITY OF CELL TYPE.
IF(CELL(I3J) oGEeOoANDCELLITIsJ) LEs%) GO TO 1
1fK=1

WRITE(691004) IDeIsJeCELL(IwY)

N=Ne ]

IF(CELL(Iv1J) 4EWe0) GO To S
IF(NsEGel) GO TO 4

IFIFIRST NELCELL(I»J)) GO TO 2
N=]I=N

00 3 K=N9¢l

CELL(K+J)=F IRST

GO TO -

WRITE(6S1005) IDelsJoeFIRSTSCELL(TIsJ)
1ER=1

FIRST=CELL(I+J)

N=(

CONTINUE

DO 83=leImax

DO B8dJd=1sJMAX

B CELL(IsJ)SCELL(TsJ) =4

RETURN

1004 FORMAT(3Xs*CELL VALUF OUT OF RANGE«ID= . OA5S*I= e 913*J= e 9139

SCELL(Ied)= ®o]1])

1005 FORMAT (3Xs#ERHOR |N cELLODATA AT LINE ID @ QAS5s* Row #sI4s® COL « S

lTés® Lamuu' 23]2¢% TO @ [ 12)

1008 FOHMAT(AS;TSII!/;(SX’7311))

END
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SUSROUTINE PPRFP

1 *DFCK PREP
SUHROUTINE PREP
COGGGQ&GOQQ?O'DQOoﬁoﬁoqﬂ-Oiaﬁﬁeq#9ﬁﬂie#e#dﬂbﬁﬁﬁ09!690&6‘.&####99#####9#6#9
c SUBKOQUTINE PREP READS AND PRINTS THE PROBLEM PARAMETERS R
5 c AND CONVERS THIS PARAMETERS TO THE UNITSUSED BY THE PROGRAM, d
C0.0#GGG##QGO#‘GQQGOGGQQGGO#ﬂ-099GGGGOQ09GQ#69‘&0&.00.0!!0.00069999#9#09#
COMMON x (1)
INTEGERPSTEPsSOFsDOPIRUN(E) s ANK+CELLSsPRORsSALGsPLNOIWINDs TIDE

REAL NUsMAADNSE sMINTHK

10 COMMON /DATA/ PSTEP DT o+STeDS+CELLS+BLANK sAGRIDSADEFL +CWsDOP
) XSPILLsYSPILLOMFAC(3)+CT(3)
COMMON /CPLOT/ XaXISsYAXISsXPLFACYPLFACePLNO
DATA BLANK /10# /s IEND /3HENDLZ9PLNO /0/
Cos PROB FILE OF PROBLEM Parameters.
15 Cae CELLS ~ FILE CONTAINS CELLS DEFINITION.
Ces wIND - FILE OF wIND LATA.
Coe TIDE - FILE OF TIDIAL CURKENT,
Ces NET - FILE OF NET CURRENT DATA.
caLL PLOTS(=5,09=200,0+9)
20 CALL PLOT(U,43,49=3)
1 READ(Ss1001)PROBCELLSsWINDs TIDF 4NET
Cos PLNO -~ TRAJECTORY NUMBER.
PLNO=PLNO+1
IF (PROHLEG.JEND)Gs8
25 9 CALL PLOT{0,040,0+999)
STop
B IF (PROBLEW.BLANK) GO Tu 3
REWIND 7
CALL DFUR(3HGET s 7+PROBs0+1STA)
30 IF(ISTALEQ.0) GO TU ?
URITE[6S 1002)PROB,ISTA
STOP 7
Cee READING PROBLEM PARAMETERS.
2 READ(7s1001) RUN
35 I7EAD(7$1003) RSOPsRDOPsRPSTEP+XAXISyYAKXIS
READ(T7+1003) KRH20OsROILsSIGINUsQeXSPILL+YSPILLPERIOD
READ(7*1003) CWeLlsC29C34ADEFL o MAXDOSE sMINTHK ST
REAO(79100s) RIMAXyRJIMAX yDS+AGRID*DT+DCYCLE2CUTOFF sRSALG
READ(7+1003) CT(1)9CT (2) yCTU(3) +RMFACWIRMFACPsRMFACRIEVAPPIEVAPT
40 PLNO=1
DECOLIE (10S9100WIND) IWIND
DECOOE( 10SY109PROMI ISPILL
910 FORMAT(4XsAa1)
PSTEP=RPSTLP
45 SOP=RSOP
DOP=RDOP
IMAX=RIMAX
JMAXERJIMA X
SALG=RSALG
50 MFAC (1)=RMFACW
MFAC (2)=RMFACP
MFAC (3)=RMFACR
Cos PRINTING PxORLEM PARAMETERS.
WRITE(G21006) ISPILLY] WINDsSOPDOPSPSTEPsRH2OsROIL 9SI54NUsQeCW
55 «9C1sC2+C3
WRITE(6+1007) ADEFLIMAXDOSE sMINTHK s IMAX 9 JMAX «DSsAGRIDNT9ST
. CUTUFF sSALGYCTL1)oCT(2)9CT(3)9MFAC (1) eMFAC(2)
WRITE(6e10uUn) MFAC(3) o ASPILLYSPILL vEVAPPYEVAPTDCYCLEPERI 0Dy
. XAX1SesYARLS
60 IMaAXPl=IMAR+]
JMAXFI=UMAKe]
1J=IMARRIMAX
TUP1=IMAXPL® JMAXK]
Ces GRID SIZE IN METEKS.
65 DS=DS#1000.
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70

75

80

85

90

95

100

105

110

115

120

125

130

Cuw

Cas

Cae

Cee

Case

Can

Con

COORDINATES OF SPILL LOCATIONS IN METERS.
XSPILL=XSPILL®1000V.
YSPILL=YSPILL*®1000.

PLOTTING SCALE=FACIOR.
XPLFACSXAXIS/FLOAT(IMAX) 7S
YPLFAC=YAXIS/FLOAT(UMAKX) /DS

IF (CELLS.EU,RLANK) GG IO 4
GETTING CELLS DEFINITION FILE.
REWIND &

CAaLL DFUR(SHGET 444 CELLS001STA)
IF(ISTA.EW.0) GO TU 4

WRITE (691002} CELLSeISTA

STOP 3

GETTING WIND DATA FILE.

REWIND 1

IF(WINDEQBLANK) 60 TO 5

CALL DFUR(SHGET 9} 4wINDsDs1STA)
IF(ISTA.EQ.0) 60 TO &
WRITE(G21002)WINDYISTA

STOP 1

GETTING TIUEDATAFILE

REWIND 2

IF(TIDE.EQsBLANKIGO TO 6
CALL DFUR(3HGET92¢TIDE»0sISTA)
IF{ISTALEQ.Q) GO TU 6
WRITE(691002) TIOEVIS1 A

SToP 2

GETTINGNET CURRENT OATA FILE.
REWIND 3

IF(NET.EQ.BLANK) GO TU 7

CALL DFUR(3HGETs3eNETsU4ISTA)
IF(ISTALEWeO) GO TO 7

WRITE(6s 10U2)NETSISTA

STOP 3

N1=5

N2=N1-+6¢1JP]

N3=NZ+6#]JP}

N4=N3I+ T J

NI=LOCF (X(1))+No

IF (PrOBJNE 4BLANK) WRITE(6S1008) N9

FOR NoAA JOg 1978

CT(2)=FLOAT(PLNO=1)*PERIOD/] O*
INITIALIZE TRAJECTORY PLOT.
CALL PLINIT

(PLNOSXAXISoYAXISoXPLFACsYPLFACYXSPILLoYSPILL yPROKsWIND)

CALL SLICK{IMAXsUMAXeIMAXPLloUMAXPIsX{NLI) s X(N2)eoX(N3))
GO TO |

1001 FORMAT(BAL0)
1002 FORMAT(1H1»3Xs#UNABLE TO GET FILE #¢A7+#ISTAS®#412)
1003 FORMAT (BF1U,0)

1005 FORMAT(T109#NETCURKRENTGRID MULTIPLE #4913,

1006*FOHMAT

T65s#X=COORDINATE OF SPILL LOCATION @41PE12.59%(KM)#s/s
TIOt*Y-COORDINATE OF SPILL LOCATION®#41PEL2.59 % (KM) ¢y
T651#MAXIMUM EVAPORATIVE LOSS #s0FF3,0e% PERCENT #/
TIO**MAXIMUM PERIOD OF EVAPORATION #9F441s®(HRS)®
T659%DRIFT COMPUTATION END TIME #9FR,436H (HRS) /s
TIOT*OATA CYCLE PERIOD®4FBe4s6H(HRS) »

TESs#X=AXIS LENGTH ®#sFTe2s9H (INCHES) ¢/

T10s#Y=AXIS LENGTH®sFT4239H (INCHES))
(IHIST30S*D A MES AND HO ORE O 1L S el L L%
® MO DEL®e/77s

T20+%RUN [DENTIFICATION: ®s8A10

/7T10+9SPREADING OPTION ®*12s

T65+¢#DISPLAY OPTION #9124/

T10s#PRINT FREQUENCY ® *13s

T6S5+#DENSITYOF SEAWATER @ *F6,3#8H (GM/CC) e/
TIO**DENSITY OF OIL #sF&,398H{GM/CC)»
T6S59#SPREADING COEFFICIENT ®oF6e39% (DYNES/CM)® 4/
TIOS*KINEMATIC VISCOSITY @ sF6.35s12H (CM%#2/SEC) .,
T65+#SPILL VOLUME @ *FB.2** (KLS)®4/y
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140

145

150

155

10

15

20

25

30

35

40

45

TIO*WIND COUPLING COEFFICIENT ®¢F6,4,
T6S»# INERTIAL SPREADING COEFFICIENT ® sF5.2*/s
TIOS*VISCOUS SPREADING COEFFICIENT #+F5e29
T659#SURFACE TENSION SPREADING COEFFICIENT #¢fF5,2)
1007 FORMAT(TIOO‘HIND/OIL DEFLECTION ANGLE e *F5.1,6H (DEG}) s
TES+soMAXIMUM SHORE DOSAGE®oF 6.2¢® (GM/M) %4/,
TIO*MINIMUM FILM THICKNESS #41PEI2,5¢* (M) e,
T6Ss¢NUMBER OF HORIZONTAL CELLS e 9149/9
T10seNUMBER OF VERTICAL CELLS e *140
T65s*GRID SIZE #90PF6e2s® (KM)®y /0y
TIO$*MAG. NORTH-HORIZONTAL AXIS ANGLE ®#¢F6,1¢64H(DEG) s
. TESes#TIME ST Ep ®*9FBebabH (HRS) 9/
. TIOS*STOP TIME #4FBslebM(HRS)
ToeSy#CUTOFF @ SF5.2s/s
Ti10s#SPREADING ALGORITHM #9124
T65+¢WIND START TIME ® 0F8.4s6H (HRS) s/
. T109#T1IDE cURRENT START TIME @ $F8.4S6H (HRS)»
. T65+#NET CURRENT START TIME #eFB8,4e6H(HRS) o/
. T10+s#WINDGRID MULTIPLE #4139
T65+#T]IDE CURRENT GRID MuULTIPLE e ,13)
1008 FORMAT(//8Xs#FIELD LENGTH REQUIRED IS ®,06%8%//)
END

SUSROUTINE SLICK

«peck SLI CK
SUBROUTINE SLICK{IMAXy UMAXsIMAXP1oJMAXP]L 9SPDSDIRCELL )
R I I I L Ty Ty R e Y T A N s e

c THIS SUBROUTINE COMPUTE THE TRAJECTORY OF THE SPILL. .
c UNITS OF CALCULATION AREINM.K.S

C BESIDES: *
c SPEED = METERS/HR °
C Te«DT = HRkSe @
L.QG#GQ'Q.GQGQ'OOQG#G#QCQQ#GOGG#@Q#Q!tb#Gﬁb##h#6600#&0‘0905650‘5#.

INTEGER STEPoPSTEFsBLANKsCELLSDOPsCELLSPLNO
DIMENSION CELL{IMAXsJUMAX) s
. SPD(IMAXP1sJMAXPL1¢6) sDIR(IMAXPl s UMAXPL46)
COMMON /DATA/ PSTEP DT eSToDSeCELLSeBLANK +AGRIDeADEFLsCwoeDOPy
. XSPILLoYSPILLOMFAC(3)9CT(3)
COMMON /CPLOT/ XAXISeYAXISsXPLFACYYPLFACsPLNO
DIMENSIONPERIOD (3} sCYCLE(3)oSPEED(3)sUIRCT(3) ¢ TORIFT(342)
DATA Pl /180.7/sTwOFI /360./
Ces READ CELLS DEFINITION.
IF(CELLS.NE,BLANK) CALL CELLIO(CFLLyIMAXyUMAX)'
Ccees  |IN|TIALIZATION.
T=0,
XMAX=DS®FLOAT (IMAX)
YMAX=[S*FLOAT (UMAX)
XOLD=XSPILL
YOLD=YSPILL
IOLD=INT(XSPILL/DS)+]
JOLD=INT(YSPILL/DS)+)
NSTEPS=ST/DTe1
DO 5 K=1¢3
K2=K+3
TORIFT(Ks2)=2=CT(K)
TORIFT(Ke1)=9999,49
CYCLE(K)=1.
PERIOD(K)=0,
NJUMP=MFAC (K}
Ces READING DRIFT INFORMATION
DO 5 JJ=1leJMAXP]l e NJUMP
JEJMAXPl=JJ+ 1
READ(KS510) {SPD(IsJsK2)eDIR(I9JeK2)eI=1aIMAXPLsNJUMP)
5 CONTINUE

C-------- csvemway

c START MAIN CALCULATION LOOP

-y -

DO 2STEP=1¢NSTEPS
Cees CHECK WHETRHER TO READ NEW DRIFT VALUES.
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DO 40 K=193
10 IF (TeGE«TURIFT(Ks 1) JAND ToLE-TDRIFT (K,2)) GOTO 40
Coe REPLACEMENT.
K2=K+3
50 NJUMP=MFAC (K)
TORIFT(Ks1)=TDRIFT(K+2)
DO 15 J=1l9JMAXP1 s NJUMP
DO 15I=1sIMAXPLsNJUMP
SPD(IsJeK)=SPD(IsJeK2)
55 15 DIR(IsJoK)=pIR(IsJrK2)
Cen READING SPEED ANO DIRECTION AT NEW TIME LEVEL.
READ(K#510) TIM
20 DO 25JJ=lsJMAXP]L sNJUMP
JEUMAXPL=JJe]
60 READ(K*510) (SPD(IsJsKZ2)sUIR(IeJaK2)2I=19IMAXP]INJUMP)
I F (EOF (K)) 30925
30 REWIND X
CYCLE(K)=CYCLE(K)+1.
PERIUD(K)=TIM
65 TIM=00
GOTO 20
25 CONTINUE
TORIFT(Ke2) = (CYCLE (K} =14 ) #PERIOD(K)=CT(K)+TIM
GOTO 10
70 40 CONTINUE
Cos INTERPOLATING SPEED ANDDIREECTION TO THe CURRENT LOCATION
DO 45 K=l93 :
K2=K+3
Cusn WEIGHTING FACTORS.
75 TFMs (TDRIFT(K92)=T)/(TORIFT(K92}=TDRIFT{Ks1)}
TFP=1e=TFM
NJUMP=MFAC (K}
I1=((10LD=1)/NJUMP} #NJUMP+ 1
I12=11+NOUMP
80 J1=((JOLD=1) /NJUMP) #sNJUMP+]
Ja=JleNJuMK .
XFM=((I12-1)#DS=XOLD) /DS/NJUMP
XFP=l.=XFM
YFM=((J2-1)4D5=YOLD) /DS/NJUMP
65 YFP=lo=YFM
Cos SPEEO INTERPOLATION.
SPEED(K)=TFMe (YFM® (XFMRSPD (I19J] oK)+ XFP#SPD(120J1 4K} )¢
YFP# (XFMOSPO ([19J2sK)+ XFPE*SPD(124J29K)) )¢
. TFP# (YFM® (XFM*SPD(I19Jl+K2) ¢ XFP#*SPD(120J]19K2) )*
90 . YFP# (XFM#SPD(I1eJB9K2) +XFP#SPD(]I2,J29K2)})
Cuw DIRECTIN INTERPOLATION.
DUMLI=DIR(IZsJ19K)
DUMZsDIR(Ilsd1 oK)
IF ({DUM2=DUM1} «GT.FI)DUM1=DUM]1+TWOP]
95 IF ((DUMI=DUM2) +GT.PI)DUMZ=DUM2+ TWOPI
AYM=XFMaDUM2+ XFP*DUM1
IF(AYM.GT.TWOP1)} AYM=AYM=TWOPI
DUMI=DIR(12sJ2eK)
DUMZ2=DIR(I1l4J24K)
100 IF ((DUM2=DUM]) «GT+PIJ}OUMLI=DUM] + TWOPI
IF ((DUMl=-DUM2) o GT. P1) QuM2=DUM2+TMOPI
AYP=XFM#DUM2+ XFP#DUM]
IF(AYP.GT,1WOPI)AYP=AYP=TWOPI
IF((AYM=AYP) ,GT PI)AYP=AYP+TWOP]
105 IF ({AYP=AYM) ,GT.PI)AYM=AYM+TROP]
ATMZYFM®AYM+ YFPRAYP
IF(ATM . GT.TWNPI)ATM=ATM=TWOP]
DUMI=DIR(IZeJlsK2)
DUM2=DIR(I1sJ19sK2)
110 IF((DUM2=DUM]) «GTPI)DUMI=0UM]+TWOPI
IF ((DUM1=DUM2).GT.PI)DUM2=DUM2+ TWOPI
AYM=XFM&DUM2+ XFP#DUM]
IF(AYMeGTo TWOPI)AYM=AYM=TWOPI
DUMI=DIR(IZsdeK2)
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118 DUMZ=DIR(I14J2¢K2)

IF((DUMZ=DUM]) «GToFPI)puUMI=DUM]+TWOVFI]
IF ((DUML=DUM2)eGT Pl BUM2=DUMZ+ TWOPI
AYP=XFMeDUM2+ XFP#*DUM]

IF(AYP.GT« TWOPI)AYP=AYP=TWOP]

120 IF ({AYM=RAYP) ,GT.Pl)aYr=aYP+TwOP]
IF((AYP=AYM) ,GT.PI1IAYM=AYM«TwOP]
ATP=YFM2AYMeYFPRAYP
IF(ATP.GT« TWOPI) ATP=2TP=TwOPI
IF(LATM=ATP) ,GTPI)ATP=ATP+TROP]

125 IF((ATP=ATM) GT4PI)ATM=ATM+TWOP]

Cee TRANSFORMINGDIRECTION 7o TRIGONOMETRIC COORDINATE sysTEM.
DIRCT(K)=TuQPI=TFM2ATM=TFPeATP=AGRID

c IF (KeEQal) DIRCT(1)= DIRCT(1)=ADEFL+PI
Ces DEGREEs TO RADIANSO
130 DIRCT(K)=DIRCT(K)®3.14159265/F1

45 CONTINUE
Coe TRANSFORMING SPEEDTOM/HR.
SPEED(1) =SPEFD (1) #1854,
SPEED(2)=5PEED(2) #3600,
135 SPEED(3)=SFEED(3)1#1000.
Ceas RANDOMIZE NET CURRENT
CALL RANDOM(SPEED(3) sUIR(3) sI0LD9»JOLDsV24D2)
Cee CALCULATE COMPONENTS OF THEDRIFT VECTOR.
UT=CW®SPEED (1)ecos(DIRCT(1Y ) ev2ec0S(D2) +
160 . SPEED (2)*COS(DIRCT(2))+SPEED(3)«#COS(DIRCT(3))
VTI=CWeSPEEU (1) eSIN(DIHCT (1)) 4y2esIN(D2)+
) SPEED(2)*SIN(DIRCT () ) +SPEED(3)#SIN(DIRCT(3))
Ces CALCULATE NEW LOCATION OF THE SPILL.
Cesn XNEWs YNEWNEW COORDINATES OF SPILL LOCATION.
145 ANEW=X0OLD+DT2UT
YNEW=YOLD«DToVT
XNEW=AMINI (XMAX ¢ AMAX]1 (XNEWs0,0))
YNEW=AMINL(YMAX3AMAX] (YNEws0,0))
Cew INEWsJNEW NEw CELL OF SPILL LOCATION
150 INEW=INT(XNEW/DS) +1
JNEW=INT(YNEW/DS)+1
Ceae CHECK IF SPILL ADVANCED MORE THAN oNE CELL.
IF((IABSUIOLD=INEW} 4 JABS (JOLD=JUNEW) ) oLEel) GO TO 60
XINC= (XNEw=XOLD) /20,
155 YINC=(YNEW=-YOLD)/20.
TINC=DT/20.
XNFw=XOLD
YNEW=YOLD
T=T-DT
160 00 50 N=lecO
XNEW=XNEW+ XINC
YNEwWw=YNEW+Y]INC
T=T+TINC
INFR=INT (XNEW/DS) +1
165 JNEW=INT (YNEW/DS) #1
Ces CHECKR | F SPILL REACHED WATER BOUNDARY,
IF (CELLCINEWSJINEW) oL To0) GOTO 60
50 CONTINUE
60 CONTINUE
170 Coe pPREPARAT lon FORNEXT Time STEF,
T=T«DT
I0LD=INEW
JOLD=JUNE W
XOLD=XNEW
175 YOLD=YNEW
Cewd  xpCoYPC LOLATIONOF spPiL L ONTHE PLOT.
XPC=XNEWS#XPLFAC
YPC=YNLWeYFLFAC
Coe CHECK IF SFILLREACHED wATER BOUNDARY,
180 I F (CELL {INEWSJUNE®) 4L T40)60TO 70
I F (DOP.EQ,2) WRITE (6+1003) ToXNFWsYNEws INFWoJNEW
Cese o) 07TING A LINE INTRAJECTORY MOOE
c | F (PLNDJ.NE,1) GOTO 2
CALL PLOT(APCsYPCs2)
165 IF (MOD(STEP4PSTLP)oNEL ) GOTO ?

K
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&0

70
Can®

S10
1001

1002 FORMAT(3Xs®*TRAJECTORY®oI39% TERMINATED AT CELL ®+21I59® AT TIME .

1003 FORNAT(3Xv°T ZH9FHe39® X SHeFB.2e% Y S¢oFB,24%

#DFCK

IF (DURP EEel) WRITL(6*1003) TeXNEWosYNEws INEWsJUINEW

CALL SYMBOL (XPCoYPCs0.082¢PLNO90,00-1)

CALL NUMBER(XPCoYPC=0sU41004082:T90,009HF&,0)
CALL PLOT(APCsYPCe3)

CONTINUE

WRITE (6Q1001)

WRITE(6+1002) PLNOsINEWeUNEWST

TERMINATING THE LINE IN TRAJECTORY MODE,

I F (PUNOJNEL1} RETURN

XPC=AMIN] (XPCoXAX]S)

YPC=AMINI(YPCoYAXIS)

XPC=AMAX1(XPC20,0)

YPC=AMAX]1(YPC20,0)

CALL PLOT(APCeYPCeZ2)

CALL SYMBOL(XPCoeYPC90.082¢PLNOs0.09=1)

CALL NUMBER (XPCoYPC=0:04190.0824T90,094HF&,0)
RETURN

FORMAT(16F5,0)

FORMAT(3X+®#STOP TIME KELACHED®)

oFSele# HOUKHS. *#)

END

SUSROUTING PLINIT

PLINIT
SUBROUTINE PLINIT

(Ne XAX IS s YAXIG , XPLFAC,YPLFAC , XEPTILL,YSPRILL ,FROR,wIND)Y

AT CELL*®#+21I5)

C#ﬁiﬁﬁﬁb#ﬁéGQGQQ”Q#OQQO##G#QG#ﬁGG####GQQG#GOQ&GG#QGQBO“#“’##696#“#G990#G

C
C
C
C
C
C
C
C
C
Coaw

Cons

Ceas

Cewe

PLOT INITIALIZATIUNKOUTINE.
PARAMETERS:

N - TRAJECTORY NUMBER.

XAXIS - X-AXIS LENGTH IN INCHES.
YAXIS - Y-AXIS LENGTH IN INCHES,

XPLFAC - SCALINGFACTOR IN THt x DIRECTION (INCH ON PLOT/METER ) .

YPLFAC - SCALING FACTOR IN THE Y DIRECTION.
XSPILL = x COORDINATE OF SPILL LoCATION.
YSPILL - Y COORDINATFOF SPILL LoCATION.

INTEGER PRUBsWIND

DATA SPACE/4.0/

IF (NaGTW41} GOTO 1

ADVANCING PEN FOR NEW FRAME,

CALL PLOT(XAXIS+SPACEs0,=3}

DRAW A BOX

CALL PLOT(XAXISe0.0e2)

CALL PLOT(XAXISsVYAX]IS+Z)

CALL PLOT(U,09YAXISe2)

CALL PLOT(U,0s0,092)

MARKERSFOrR OVERLAY.

CALL SYMBOL(’I.D!O.'0.15’3'0.0'-])
CALL SYMBOL(=]1,0sYAXI®>=14,904])593,0409=1)
PRINT RUN IDENTIFICATION,

DECODE (10+910+sWIND) IxIND

DECODE ( 10+9109PROB) ISFILL

CALL SYMBOL(=1e95:9¢90a154I®INDs0,091)
CALL SYMBOL (=149400906152ISPILL,0,0el}

Ceaan DRAW A SYMSOL AT THE SPILL POINT,

1

910

XPC=XSHILL®XPLFAC
YPC=YSPILL®YPLFAC

IF(NetWel) CALL SYMBOL(XPCsYFPC9(0.082¢1190,09-1)

CALL PLOT(APCsYPCs3)
HETURN

FORMAT (4XsAl)

END
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SUBROUTINE RANNOM

1 SUHROUTINE RANDOM(SPDsUIRe [9JaV2402)
v2=0.
D2=D1k+1,57/079642
| F (J.GT.SD) RE TUkRN
5 IF {JeLT432) GOTO 3
V1=GAUSS (44 )
V2=GAUSS(34)
GOTO 5
3 IF{1.6T419) GOTO 4
10 V1=6AUSS(2.)
V2=GAUSS (2.5}
GOTO 5
4 V1=GAUSS(10,)
VZ2ZGAUSS(Te5)
15 5 SPD=SPD+V]
RETURN
END

tUNCTION GAUSS

1 FUNCTION GAUSSI(S)
A=0,
no 1u I=lsle
10 A=A+RANF (N)
5 GAUSS=(A=be ) #5310,
RE TURN
END
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Input Data Files

Topo

W nd

Net Current
Tidal Current

| nput Description

1 water boundary
2 land

3 “invalid" water
4

“valid” water

15 wind speed in knots
207 wind direction in degrees

cl ockwi se from north

0.7net current speed in km/hr
202 net current direction in degrees
cl ockwi se from north

1.3 tidal current speed in m/s

232 tidal current direction in degrees

clockwise from nor t h
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Y~GRID INTERSECTION

=W N~ ® O

I NPUT DATA FI LE:

TOPO

Y- GRI D INTERSECTION

Lo e e e e s 55

2 23 37

2 23 32

2 23 3z

2 23 32

2 21 1?

2 24 wz

2 P4 4?

4 24 4?

2 24 LY+

2 ?4 “«2

2 P4 “z

2 24 42

F3 Pe 42

2 24 “2

F-d 24 L Y44 47

2 P4 4224 &2

2 724 4224 4z

2 24 “gh 42

2 24 424 [Y4

e 24 42z4 42

? ?4 422« 42

2 P24 424 42

? ?4 42

2 24 42

? 24 42

2 24 4“2

2 24 4z

2 ?4 42

? 26 42

4 23 32323 34 42

2 3 34 42

2 23 34 42

? T 34 “2 232

2 334 42 2332

2 34 47 23 32

? 24 42 23 32

? 24 42 .23 32

2 P4 42 23 32

? 24 4.2 23 32

? 24 'Y 23 32

2 24 LY 23 3?2

H 24 «2 23 32

2 74 43332

2 24 4332

2 23« 42

4 23 4?

4 23 32¢s 42

? 2332 <4 4?

? 232 24 “2

2 ] Y4

2 232 c4 42

4 23 32 I 42

? 2332 2« 42

4 232 2+ &3¢

? 2324 42 241

? Ph 42 264

H 234 42 24]

? 26 42 2heco]

4 24 o2 22

4 -3 424 41

4 2« 424%2pbs])
2« ]

- P4 4wl

2 24 422ce 41

? 24 427274 “]

H 24 4222704 41

4 24 424 41

2 24 41

2 24 “1

2 24 44 41

2 24 42224 4]

2 26 4224 41

2 24 “1

? 24 4]

? 24 41

? 24 41

? 24 424 L3

P 24 4222 4]

2 24 42 244?24 [y

} 2642 24 &)

? 242 24 &3

? 24 424 41

? 24 42 24 4]

! 2« 42 24 4)

’ 24 “2 24 41

! 2a “«2 24 «]

: 26 “w2pp2e 41

} 24 “2ezee o]

z 732 3, 42200 4224421

4 21 legeélliezizel




¥~GRIO INTERSECTION

91
88
85
82
79
76
73
70
67
64
61
58
55
52
49
46
43
40
37
34
31
28
25
22
19
16
13
10

[ NPUT DATA FI LE:

W ND PATTERN 1

15 1e 17 18 22 20 18 16 e
207 207 207 207 207 BOY 207 L7 207
15 de )T 18 22 1 2 15 )&
207 207 20T 207 20T 20T 207 207 e
1» 16 1T 18 22 18 16 15 €
207 20T 207 207 20T 207 207 207 207
15 18 17 20 @2 1% 11 16 1s
207 207 207 207 207 207 P07 207 207
15 e Je 21 22 @b 18 15 1%
207 207 207 207 207 207 207 207 207
15 16 18 20 22 20 18 1% 1%
21% 219 219 219 207 207 207 207 207
15 16 19 20 @z 20 1B M5 1S
219 219 218 219 207 207 207 207 207
1 17 1% 20 22 20 18 15 1%
219 219 21v 219 207 207 207 207 207
1 37 20 @20 22 .21 18 15 )&
210 210 210 210 207 207 207 207 207
15 18 20 2} 22 20 18 15 )&
210 210 210 210 207 PoT 207 207 207
1 18 17 18 21 P2 1% 17 15 8
172 172 180 210 210 207 207 207 207 207
15 16 s 20 21 22 20 14 1s 15 )R 16 15 15
180 180 190 210 207 207 207 207 202 207 230 2ls 22t 220
1 s )7 19 2} @2 20 18 16 35 16 1e 17 15
1A0 185 190 195 200 200 200 205 210 216 215 226 225 225
1 15 17 19 21 @2 20 18 1& 1% 15 )6 17 e
175 180 185 190 195 195 1e5 203 2i? 22n 225 237 @23F 237
15 1% 18 20 @2 22 20 18 17 ir ek 149 15 1%
170 175 )BO 185 190 190 190 200 212 p2n 232 232 @232 232
15 )85 16 18 20 22 g2 21 iv & 1e 20 17 15 18
165 165 170 160 160 185 185 185 195 212 238 240 24n 240 23S
15 15 17 18 20 22 22 ¥ 20 @ @2~ 17 1e 45 1§
165 170 170 180 160 180 180 180 195 212 220 220 2@« @225 =225
1 16 17 18 20 22 23 22 21 20 j& 1S 18 15 I)E
150 360 170 180 180 1BO 180 180 190 200 20& 210 2in 210 21¢
15 1> 16 & 20 22 23 23 22 2} 19 7 18 18 Qs )5
135 140 150 155 360 180 180 180 180 165 188 19n 145 19¢ 185 18%
¥ 15 16 38 1% 20 @21 23 23 23 22 20 1¢ 15 )& 18 )5 1E
120 125 130 135 1e5 155 170 180 180 1s¢c 180 190 Jan 186 1R~ 1EC 1FO0 16U
15 15 15 18 19 20 21 22 23 @5 22 20 1» )7 17 17 17 Q¢
110 110 120 130 140 150 )65 180 180 JEO 180 380 17n )65 1es 165 led 1es
15 16 18 18 19 1% 20 21 22 @a 26 g+ 27 20 1o 19 i% 19
130 110 115 120 125 130 140 150 160 175 72 165 en 155 15° 185 155 115G
19 15 1 19 18 19 20 21 21 23 25 @26 e 22 2) 20 21 2l
310 130 11> 120 125 130 135 a0 150 185 160 165 1 155 1RE 355 185 185
15 15 18 19 18 20 21 22 23 23 @3 @ 25 2+ 25 26 73 22 @
110 110 110 115 120 125 130 135 140 150 155 160 1eS s len 15¢ 15: )88 16k
15 16 18 1vy 20 21 2 21 22 @2 22 @3 @2 25 @2t ?° ge P33
115 116 )5S 115 §20 125 130 135 140 245 IS0 155 Jed Jes )&% )2 Jeo )Re )es
15 1S 17T 18 18 18 19 1% @20 2} 21 21 @ 23 @5 @~ 25 @5 e
115 115 115 118 120 125 130 )35 14D a5 150 15C 160 170 les lec el 10 185
1§ 15 15 1> 15 15 15 Je 18 19 8 2 22 23 24 2% 26 2?5 25
120 120 J20 )Zv 122 12> 128 130 135 leo a5 150 155 1&n 164 1et 1et Jer e
15 35 15 1> 15 1% 15 15 15 1T 19 @20 21 27 23 @ 25 26 2¢
120 120 j20 12> 125 130 130 130 135 leo a5 145 155 160 lee Jes et )eh )b/
1 15 1S 17 18 18 20 2y 22 Py 26 P4 2
135 135 1e0 1e0 Ja5 150 155 1sn 6o JeE  1eS 165 dec
1S 15 15 16 17 18 19 2n 2} 2?2 23 Pe 2%
135 325 a0 145 150 150 1SS len 16D 1RE )65 kS dec
15 15 15 & 17T 17 18 e 20 2y P2 23 2
140 140 145 a5 280 350 )95 Jen 16D Jes  ]e5  lef et
p—— e
T 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55
X-GRID | NTERSECTI ON
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Y-GRID INTERSECTION

91
88
85
82
79
76
73
70
67
64
61
58
55
52
49
46
43
40
37
34
31
28
25
2?2
19
16
13
10

I NPUT DATA FI LE:

30 32

207 207

30 32

207 207

30 32

201 207

30 32

207 207

3 3

207 207

30 32

219 219

0 32

21e 218

30 3

219 218

0 3

e 210

0 e

216 210

30 32 %
172 172 180
30 32 3
|8t 180 190
30 30 34

180 185 190

20 A 3
175 180 185

30 30 3
170 175 leo

3u a0 32 3
165 145 170 180

30 k11 kL3 h 13
165 170 170 o0

v 32 3 36
160 160 370 180

30 30 32 36 0
135 1eu 150 155 leo

30 k1 3¢ 3t A 40
120 325 13v 135 145 185

o 30 kI3 3 a8 .0
110 116 ¥2v 130 a0 150

o az Je 3¢ p-1:} 3
110 110 s 120 125 130

a0 30 a¢ 38 38 38
116 110 11 120 125 130

30 o 3¢ ae 38 40 62
110 116 110 )5S 120 12> 130

30 a2 3¢ 6 40 42 a2
1315 1% 115 11> J20 125 130

kI 3t 3a 3o 3 38 38
115 11® 115 1ie 120 12> 130

30 30 30 3v 30 3 2
120 120 12v 122 125 128

0
0 30 v 30 30 o
0 126 12 12% 130 130

30
120

NW N

a0
135

30
138

30
1s0

3
207

3s
207

3a
207

36
207

36
207

36
219

s
219
38
219
40
2o

&0
221

38
210

40
210

a8
195

kL]
190

a0
18%

.0
180

40
160

«0
180

4
160

62
170

42
165

&40
140

40
135

o
135

42
135

as
-135

32
30

30
30

30
35

30
35

30
140

WND PATTERN 2

3¢
207

3¢
207

3¢
207

40
207

2
enr

40
219

&0
219

40
219

.0
210

.2
210

42
210

.2
207

a2
200

42
198

48
1%0

44
185

.
180

se
180

Ll
180

L1}
le0

&4

a2
150

42
140

[ 1]
180

140
3%
13%
3
135

30
1e0

30

160

30
145

as
207

&
207

o
44
207

L)
207

o4
207

4
207

at
207
a4
207
46
207
44
207
[
207
[
200

4s
188

LY
190

ad
18%

L1
180

[ 13
180
(13
180

L1
180

[ 33
180

[T}
160

42
150

46
is0

.“
145

42
145

3e
140

3
140

34
is0

32
iaB

32
145

40
eo?

3t
207

3
207

38
207

40
207

a0
207

a0
207

40
207

42
207

40
207

38
207

40
207

40
200

“0
195

a0
180

42
185

L1
180

&4
180

(13
180

&t
180

80
180

a8
178

ab
165

at
185

.8
180

42
160

a8
148

1
1e8

a6
145

3
150

3
18¢

s
?07

F-23
207

az
207

3
207

36
207

36
207

36
207

36
207

36
207

36
207

3e
207

36
207

36
205

e
203

36
200

38
195

42
195

.2
190

.2
18%

.
180

sa
180

52
172

50
160

“8
160
1::

2
155

“2
150

“0
345

8
150

k13
150

34
150

3z
207

30
207

3¢
207

32
207

3¢
207

30
207

L1
207

20
207

a0
207

30
zo7

30
207

z
202

az
210

32
212

34
212

s
212

40
elz

40
200

e
Y1

0
180

ap
185

52
165
S0
165

46
180

as
160

2
158

42
168

a0
1%

aa
18%

e
15%

an
201

30
207

In
207

an
207

30
207

3o
207

o
207

an
207

an
207

a0
207

30
207

3c
202

an
elo

30
22n

34
220

k1
23In

ap
22n

3%
20s

LTS
190

36
Jao

3%
170

4
160

sn
160

s?
165

sn
168

45
170

46
160

1II
n
4?
160

an
160

3s
1er

30
210

30
215

30
2z

3e
232

40
2e0

34
220

30
210

ieg

LYY
158

50
160

5?
165

50
165

ag
1113

4t
lee

4
165

42
1e¢

49
léo

an
2ic

3"
22n

3s
232

3
237

3
2an

an
20+

21y

.
182

R
182

5e
182

S?
les

sr
165

'
les

LY
16¢

LT
164

-7
18

30
e?r

34
22%

34
232

k14
e3¢
30
260

a0
e2s

a0
210

30
185

30
180

34
165

386
155

42
16%

“t
15%

&8
jec

50
LTS

&z
145

50
1et

48
1685

&F
16t

'
16%

30
22¢

30
4]

3P
?3?

k1Y
232

30
235

30
22%

o
210

30
18¢

30
160

34
1et

3k
185

&2
1585

'
158

&t
158

&0
160

50
160

5>
les

sn
les

«d
165

L1
1e%

16t

se
lee

5?
1

&r
185

at
Jee

14 710131619222528313437
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Y-GRID INTERSECTION

91
88
85
82
79
76
73
70
67
64
61
58
55
52
49
46
43
40
37
34
31
28
28
2z

1¢
1:
1

10 311 12 16 18 18 le 12 1?7
Ib b 18 18 18 18 25 30 n
1e 11 13 11 19 18 13 a2 a7
1 18 18 18 18 1B 25 30  an
10 12 14 19 19 17 13 12 17
18 le 18 18 18 18 25 30 0
10 e 15 1% 1% 1Y 13 12 )2
18 38 18 18 18 1 2% 30 an
16 12 15 19 19 1T la 12 12
1¢ 18 lB 18 1B 18 25 30 a0
10 32 16 19 1% 18 s 12 3?2
18 18 46 le )6 18 25 30 40
o 12 16 1% 16 18 1% 12 1?
18 18 18 18 18 25 30 a6
10 12 16 )9 19 38 )5 Q)2 12
1 18 18 18 18 18 20 25 30
16 12 36 19 19 18 s 12 2
15 15 15 15 15 18 20 25 36
11, 12 15 19 19 18 1e 12 )2
12 12 12 12 12 18 18 20 20
0 ¥ 12 15 1% 18 18 13 12 1?7
10 10 10 19 36 10 1% 18 15 15
10 10 12 14 1% 1% @ 1 12 1?7 12 11 1110
10 10 10 16 10 10 ¥ 12 12 12 1s  2r 3p 30
10 10 12 is 18 @0 1% 13 12 1?2 i@ 11y 11 n
[] [ [ [ [] ) 8 1o 1o 1o 1& 2r 3c  3r
10 10 12 16 19 20 19 14 1e 12 12 1 11 9
6 6 ® [ 6 ) ) [} 8 1n 15 @r 25 ?Y
10 10 12 1& ¥% 20 1S s ¥ 12 31 11 b g
[3 s 5 5 6 [ 8 3 I TN TN DR T 1.
v 10 10 2 15 18 20 1% le 12 1Y 1o 9 ] L[]
5 5 * 3 3 . . 3 © 6 1s 2~ 2o 20
1¢ 10 11 32 1s 1B 20 1% 17 13 1y 9 9 ] ]
E] 5 L) ? 2 2 2 2 i 2 ? 2 ? 0 0
10 10 11 12 1s 18 20 20 1O 1w 1 9 9 9 L]
5 5 . 2 0 0 ] [ 0 [] 2 ] > [ [}
10 10 i1 12 13 15 18 20 21 14 e 17 9 © ¢ e
. s . H 0 ) ° 0 4 o € 355 355 3&n 350 360
10 10 10 11 12 13 15 18 20 21 20 37T Qe 11 1n 11 0 a2
2 2 H 2 2 0 ° ] 0 0 0 355 355 350 3es 345 349 33¢
16 10 1N 12 13 15 1B 20 23 22 20 1T a 13 13 13 12
° 2 ¢ 2 [ 0 0 0 0 0 © 355 a5n 360 3ec 365 3¢0 335
10 10 1} 11 32 e 16 le 21 22 22 22 20 e 17 )7 e 15
0 0 0 0 0 0 0 0 0 0 0 355 350 3ac 34t 3.0 3*O 3er
10 19 11 32 13 15 1e 19 21 22 @iz 22 27 21101817 4,
355 2385 355 355 355 3% 3 5 5 0 0 O [ 35F 345 366 365 6D 3ar
16 10 1o 1} 12 e 15 17 19 20 22 22 22 2> 27 ®7 19 18 ¢
340350 35 3as¢ 350 350 350 355 355 0 O 0 0 355 350 3ec 3¢S 36T Jec
10 10 1613 e 15 17 18 19 21 22 22 2? 22 2> 21 2019
330 330 330 34U 360 Wup Mo 350 350 J55 35S hL1) 0 n 355 358 3*5  3ab 3t
10 10 10 1012 93 Je 15 16 18 19 22 22 2> 27 @ ez 21 ¢
330 330 330 330 335 3*0O 385 350 3»0 ISE 355  3%% 0 " [ LI TR V- P
10 10 1016 10 31 12 17 1s s s 2o 22 27 @2 ¥° g2 @¢ 2}
330 330 330 330330 335 340 305 345 350 355 355 395 6 0 35 3AsE AL 3aS
10 10 10 10 10 10 11 11 12 s 16 18 21 2> gr > P¢ B2 @2
330 .730 330 330 330 330 340 340 345 3a5 3,60 365 385 o [ + 35 36F  3eC
10 1Y 12 13 15 17 19 2y 2 2> P2 @& @@
340 3e0 3*O 3*5  3eH 350 355 n [ 0385 350 3se
0 ¢ N 12 1e 16 18 )e 21 2r 22 22 @7
306 340 Je0 3IeE 345 345 35S o 0 n 0 355 3bt
10 16 11 Mg 13 s 1Y s 18 2> 22 22 22
340 340 340 45 365 a5 3a5  3I5c 3en n 0 355 3%
;
1 4 7 10 13 16 19 22 25 28 31 34 37 404346495255
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Y-GRID INTERSECTION

91

85
82

79
76
73
70
67
64
61
58
55
52
49
46
43
40
37
34
31
28
25
22
19
16
13
10

| NPUT DATA ¥ILE:

W ND PATTERN 4

2o 22 24 32 38 s 37! (L) 24
18 18 18 18 18 18 25 30 oD
20 22 26 2e 13 26 24 26
18 18 18 18 18 18 2% 30 40
20 26 28 38 38 B 6 26 24
18 18 16 18 18 18 s 30 40
20 28 X g 38 34 26 24 2e
18 ie 18 ie 18 18 as 30 &P
20 @ 30 38 38 3 28 2+ 2
18 le le 18 18 18 25 30 40
20 24 hH s h 1] 3 30 2e 24
18 38 ie 18 18 18 25 30 4n
20 26 32 33 38 3 0 2s 2
18 18 18 18 18 38 25 30 &0
20 24 32 38 38 3 30 24 24
1) 18 18 13 18 18 20 25 an
2v 24 32 38 k1] [ 13 3¢ 24 e
15 15 15 IS 1s 18 20 25 30
20 z* 30 38 38 36 28 24 24
12 12 12 12 12 1] 18 20 20
20 20 2 30 30 e 3¢ 2 24 2e
10 10 10 10 10 10 16 15 15 15
20 20 2+ 28 3 3 ¥ %6 26 28 2 2> 22 20
12 10 )0 3o Jo 10 12 12 12 12 15 an 30 30
20 20 2~ 28 38 40 38 2 24 2« 24 27 72 20
i) [} L) 8 8 8 L] 10 10 1n 1% gn kld 30
20 20 24 28 38 o0 38 26 24 EL 2e 27 2z 1¢
€ [} b b 6 b L] 6 8 10 15 2n 25 2%
20 20 2+ 2& s 40 38 32 24 24 22 22 20 18
& 5 5 5 & b 8 ] 8 10 15 20 2% 25
@0 20 20 L] 30 36 00 E 1) 32 24 2? 20 1n 16 14
5 LH . 3 3 4 4 b 6 b 10 15 en 20 20
2v 20 2 28 36 a0 38 34 26 2 18 ir 18 18
> 4 4 2 z 2 2 z 2 z 2 2 ? [ o
20 20 22 2+ 28 36 a0 A0 36 20 27 A 1® lK 1R
s L L] 2 0 0 f) 0 0 0 ? 4 4 4 e
20 2V @2 24 26 30 3 e0 42 38 32 2« 1m 18 )= 20
. o (3 z 0 0 0 0 0 0 0 3Rg  ASr 350 350
20 20 20 @2 @ P26 30 36 &0 42 4D I 2p Pz @n 22 22 @
2 2 F 2 2 0 0 0 0 0 0 355 2385 35¢ 35 3at 3 0 338
20 20 20 22 24 2 3D 36 M@0 42 A6 0 I m Px 26 Pt 2¢
o0 4 2 2 0 0 0 0 0 0 0 355 350 35p 3et 348 el 335
20 20 2¢ 22 2¢ 28 32 36 42 44 46 &4 4D 3  3& 36 37 3
0 0 0 L] 0 0 0 0 0 o o 355 350 345 34t 3D 60 3en
20 20 2¢ 24 20 X0 3z e 42 se [T 1Y a4 47 3f 36 4 34
355 35% 35> 384y 35S 355 355 0 0 0 0 o 350  3a& 34t 345 340 3er
20 20 20 2z 24 26 30 34 I6 4D 4 s 46 as  4e &6 3B 26 3m
30 350 350 350 350 350 350 355 385 o 0 o 0 385 350 e 36t oS 3an
20 20 20 20 26 28 p. 1] 3 36 38 42 a4 o . “s . Y3 3e
330 330 330 3au 340 3e0 34D IS0 I50 IS5 3IBS 385 0 [ LTS L T - R T
20 20 20 20 2« 26 28 30 32 36 38 'Y 44 . FY R " a6 47 ar
330 330 330 336 335 340 34D 350 350 IS5 355 358 0 0 ¢ 358 350 3af  en
z0 20 20 2v 20 i'e 24 24 28 32 ¥ 40 as 4a IYs e e wb a7
330 3350 330 33U 330 335 34D 345 3e't IS0 IS5 3B 35S 0 ¢ 355 355 350 Je-
20 #0 20 20 20 20 2z 22 24 28 a 36 42 Y3 (Y Y3 'Y ak 'Y
330 330 330 33v 230 330 38D 40 345 345 350 355 355 [ (] ro385 350 3eS
20 az i2e 26 30 e 3e 47 4 T ' ) e
3640 34D 300 3i5 JaS 350 355 0 [] A36% 2S¢ 3%0
20 20 22 24 28 32 36 38 'Y ' ab 'Y} Y3
1960 oD Ned a5 3a5 348 355 0 o " 0 3ne  3%9
.20 20 22 24 26 30 34 e kT Y3 s IS as
3430 daC 340 345 385 345 365 356  2%e n [ LTS 1-11
-
1471013161 < 22 2528 31 3437404346495255
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¥Y-GRID INTERSECTION

| NPUT DATA FI LE:

W ND PATTERN 5

091 10 10 10 1) 13 13 1) 1o e
15 1% 1% 18 @20 20 25 &5 ar
88 le 10 10 32 13 313 11 10 e
15 15 15 318 20 @20 2> @25 ar
8 10 10 10 12 13 33 11 10 1n
5 18 )8 18 20 20 20 2 25 30
82 10 1o 1 13 13 114 11 10 n
20 20 20 20 20 20 25 25 3
10 10 1] 13 13 32 1) 10 1
79 20 20 20 20 20 20 25 30 3%
76 10 10 12 13 13 13 11 lo 19
20 20 20 20 20 20 25 30 3%
73 10 10 12 13 13 33 11 10 10
20 20 20 20 20 20 25 30 a5
70 10 10 12 13 13 13 11 10 10
20 20 20 20 20 20 25 30 s
67 30 10 12 13 13 13 11 lo 10
22 22 20 20 20 20 25 30 s
64 10 10 12 13 13 13 i1 18 1n
25 25 25 23 2¢ 20 25 3 s
61 10 10 1l 12 13 13 13 11 10 1 1d
0 30 30 25 23 20 20 30 35 3%
58 0 0 1 12 13 13 33 11 1o 1o 10 31a 11 M)
3a0 350 10 25 23 20 20 30 35 a0 a5 s 50 (-1
10 10 11 12 13 313 32 31 10 10 10 11 11 e
55 30 o0 15 25 23 20 20 30 35 s a5 6n  5C  So
52 10 10 1 12313 13 12 1l 10 16 10 13 b g0
15 25 28 26 25 20 20 30 35 an 50 &~ 5L &P
49 1¢ 10 11 13 1e 13 12 1l 10 1) 12 17 13 e
3 30 3 35 30 25 25 30 35 a5 50 &~ B0 &0
46 0 10 10 1l 13 14 13 32 11y o2 17 om0 a0
3 35 40 40 40 30 25 25 30 35 a5 Sn 58 &0 50
43 10 10 10 32 13 14 14 33 12 13 13 11 3s 18 10
40 40 40 &0 35 30 25 25 35 40 86 50 s &C SC
40 v 10 1l 12 1 ds 14 33 13 13 1) 10 in 10 30
40 40 0 40 35 30 25 5 35 40 S0 S0 Sn S0 50
37 10 10 10 1?7 13 d&  la )& e 13 12 1o 10 18 30 10
45 45 45 45 40 80 30 25 25 40 S0 Ssg 50 seo &0 S¢
34 10 10 10 1 12 1 14 15 1e 14 13 13 10 10 10 10 1 n
0 50 S0 50 50 45 .0 35 25 25 35 45 45 o5 48 45 &S a%
31 10 10 10 12 12 13 1a le 15 Je 13 1) lo 10 1n 1l 12 1?
55 55 (1] 50 45 S 00 a0 30 35 45 1 45 45 a5 ab At 1
28 10 10 11 32 12 33 13 le 15 la 13 12 11 12 12 13 13 132
L1 55 5% 50 50 50 o5 40 30 a0 4% o5 L3 45 "< a5 &S s
25 10 1 12 12 12 12 13 14 )& 15 18 1 13 13 1Y 13 13 13
&5 55 55 &9 50 &% .0 235 30 0 *0 0 an 40 .C 40 ar
22 10 10 1} 12 12 12 12 12 13 1 15 le 1s 1s 1s la la 16 la
55 68 60 B5 S0 50 45 o5 40 30 40 40 40 40 4D A &0 D 0
i9 10 10 11 le 12 11 1 12 12 13 1s 15 16 14 14 1 14 16 14
LT 1] 85 & S0 50 &S «0 35 30 a0 40 40 ap .h DL X ‘r .0
16 10 10 11 10 10 10 10 10 12 13 1s 1% la 1s ls 1a 1% 1e le
e 60 55 8% 50 45 &% e0 30 30 3 40 40  aC 40 4n &0 *0  &f
13 10 10 10 10 11 10 10 10 10 13 s 1s 15 1s le le ls 1 le
0 60 55 50 50 45 00 35 o k1] a0 40 a0 a0 a0 an a0 &0 «t
10 10 10 10 1v 10 10 0 10 N 12 1a 14 15 1e 1a le  1e 16 e
60 85 55 S0 50 4 40 .0 35 35 3% 35 35 3% 3% 3= 35 38 3%
7 10 10 11 12 1s 14 1e 1 14 le 16 1e 1«
40 3% 3% 35 35 3 35 38 3 I 35 35 3%
4 10 1o 11 12 1s 1 le le 15 le le 1l le
3 3% 35 3% 35 3 35 3« 35 3 3& 3L 3%
10 10 11 )2 1% 14 e Je 18 )E Je  ds e
1 3 35 35 35 35 35 35 3 3. 3 3% 3p 3¢

L 4710131619222528 313437404346495255
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Y-GRID INTERSECTION

I NPUT DATA FILE: WND PATTERN 6

91 le 16 6 1Y 20 2 17 16 1+
15 1s 1% 18 20 20 15 25 3n
88 16 )6 16 18 20 o 17T 1& 1K
16 15 15 I8 20 20 25 25 30
85 16 is 1s J& 20 20 1T 1s 14
)} 3e 18 20 @20, 20 25 25 an
82 16 16 17 2o 20 18 17 16 1+
20 20 20 20 20 20 25 25 3n
16 1 17 20 20 18 1T 16 14
79 20 20 2 20 20 20 25 3 3=
76 16 )6 18 20 20 20 1T 16 14
20 20 20 20 20 2 25 30 35
73 16 1s 18 20 20 20 1T 16 16
20 20 20 20 20 20 25 30 35
70 16 16 18 20 20 20 17T l& 1s
20 20 20 20 2 2 25 30 35
67 36 36 I8 20 2o 20 1T 16 16
22 22 =20 20 20 0 25 30 3%
64 16 36 18 20 20 20 11 19 1
25 25 25 23 20 20 25 30 3%
61 16 16 I .18 20 20 20 1T 1 16
6 30 30 25 23 20 20 30 35 35
58 Te 16 1T 18 20 20 20 )T 38 1s 16 1& 37 17
3s0 350 10 25 23 20 20 a0 35 Y] (13 o Bo 50
16 1o 1T )6 20 20 & 17 18 16 s 1T 17 s
55 340 0 15 25 23 20 20 30 35 an 45 58 50 KO
52 16 16 17 18 20 20 11 17 16 1% le 7 IR I
15 2 28 28 25 20 H] 30 kL) at 50 L Y] 50

49 16 16 11 20 21 20 i8 17 le 17 1& [ LI b 16
30 B 3% 3B 3 25 25 30 35 45 S50 50 g9 50

46 ie 16 1¢ | S 1] 2) 20 18 17 17 i 18 17 16 16
3 3% & &0 0 30 25 a5 30 3% &5 S50  5r 50 50

43 16 16 1e 1 20 2) 21 20 16 20 20 17 14 3e 16
40 4D &40 40 35 30 25 25 35 40 Sp 50 &1 50 S

40 1 16 37 18 2} 21 21 @20 20 20 1T 1le }& 16 18
40 4D 60 40 235 30 25 25 IS &0 S0 S50 56 50 50

37 16 16 16 18 20 E 3] 2} 21 21 20 18 14 le L LIS Y 1¢
4% 45 &S a5  ap 40 k14 25 25 o0 S0 $0 50 $n g0 50

34 b1 16 16 17 18 20 2l 23 B 21 20 17 e te 1« |p J1 17
50 50 50 50 50 [13 L1 s 25 s kL *5 45 L1} 45 45 43 45

31 16 16 16 18 J8 20 21 21 23 21 20 17 14 16 1« )T 18 1p
S5 85 85 50 45 45 40 40 30 IS 45 5 45 45 4% 45 45 45

28 16 16 17 18 18 20 20 21 ey 21 20 1e 17 in e 20 2¢ 20
55 55 5% L1 S0 50 o5 &b 20 &0 45 «5 45 L1 L LY 1 a5 o5

25 le 17 38 18 )8 le& 20 21 21 23 21 20 20 @20 @2p g0 20 20
55 55 55 %0 50 45 (Y s 3o «0 40 «0 “n &n an &g Y] ap

22 16 16 17 i= 18 18 18 18 is 20 FH) 23 21 21 21 21 ?1 2} 21
55 S8 60 55 8¢ 50 45 [ 3] 45 40 k1 .0 “0 an 40 LY ] [Y:] Lt

16 16 17 18 18 17 17 18 18 20 21 23 2y 21 2) 21 21 21

i’]

19 60 &0 55 8% 50  Sv 45 40 5 30 &0 40 L] an a0 4t o C 40 °G
16 16 16 16 1 )6 16 )6 16 18 20 21 23 22 21 & 2y 21 21 21
0 60 55 S8» 8D 45 a5 o0 30 a0 35 &40 e L1d (34 LY ] 40 oC

13 18 1& 16 16 1t 16 16 18 17 20 21 2] 23 21 21 2 2l 21 2)
60 60 s Su S0 4S5 a0 35 a 35 &0 L34 L1 40 40 LI Y 00 D

10 )6 36 3e )6 36 16 16 16 11 18 2l 2l 23 23 2y &2y 21 21 A
60 S5 &5 SU 50 a5 &0 40 35 35 3 35 35 35 3K 3R 38 35  3F

7 pi 16 17 18 [3} 21 21 23 21 21 21 21 el
40 s 35 28 as 35 35 kL a5 3 3 35 35

4 18 16 17 18 21 el 2] 2} 23 2y 21 21 el
35 3% 35 35 s 3% 3% 35 3% kL 11 35 3¢

o 46 31 a8 21 21 2l 21 23 2r 2 21 21
1 35 3% 3 35 235 35 35 3% 35 3 3% 35 35

14710131619222528 313437404346495255
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Y-GRID INTERSECTION

gl
88
85
82
79
76
73
70
67
64
61
58
55

52
49

46
43
40
37
34
31
28
25
22
19
16
13
10

10
295

11
295

1n
295

10
29%

10 )0 1"
295 295 295 295 300

10
295

10
300

10
oo

11
00

12
205

12
29%

12
295

295

12
295

I NPUT DATA FI LE:

10
295

10
295

11
29%

12
300

12
300

13
295

13
295

13
29%

12

10
290

1¢
90

10
290

10
290

13
295
1z
295

12
30u

13
300
14
295

15
29%

13
295
1¢
295

10

265

10

265

10

268

10

265

10

26%

10

265

10

20

10

2715

10

280

11

Z80

10 1

2085 280

10 13}

208 28%

10 )¢

285 285

16 10

285 28

10 11

290 2%¢

10 12

290 2%¢

10 13

25¢ 270

11 12

280 29¢

12 1s

290 2%¢

14 16

295 285

1 16

295 295

13 1s

300 300

13 1e

300 300

15 17

295 300

16 1?7

295 29%

14 14

29% 300
12 12

295 300

1 1]
300

11 12 1e 15 15 e 12
265 265 265 265 265 265 260 2¢0
1 12 la 18 1% 13 12 1
265 265 265 265 2865 260 260 26"
11 13 1% 15 e 1312 1Ny
265 26% 265 26¢ 260 260 260 260
11 13 15 15 16 13 12
265 260 260 260 2e0 260 260 263
11 14 15 1S 1s 33 12 1]
260 260 260 260 260 260 260 24¢
11 1s 15 15 1s 13 12 1
260 260 260 260 260 260 200 269
11 la 1% 1% 1s 13 12 1)
265 265 265 205 260 260 260 260
1 14 16 16 1é 13 12 11
275 BT5 275 2T0 265 ped 265 268
1z 1% 17 17 is 13 12 1
280 275 275 Er0 ETO 270 270 27
13 18 17 17 is 13 12 11
280 PBC 275 275 BYS 270 20 270
12 16 18 17 ie 13 12 1)
280 280 280 275 275 275 270 279
12 16 18 17 1e 13 12 1] 11 n
P85 260 280 275 275 275 20 27TA 270 2er
iz 16 18 17 is 13 12 11 11 12
205 280 2B0 275 27c 27% 20 270 2v¢p 27
12 le 18 17 14 13 12 12 1?2 1?
285 280 280 275 275 Y5 270 270 270 2er
12 18 18 37 je 13 13 12 13 13
285 280 280 215 TS 270 285 Pen 28RS 2=
13 113 18 17 1s 13 13 13 13 1?
285 280 280 280 280 275 270 2en 255 29n
1 17 18 17 15 13 13 13 12 131
285 285 28% 285 280 275 270 268 26h 25¢
15 17 18 17 15 13 13 1? 11 11
290 290 290 285 @28C 2?75 270 27n 260 2¢n
186 18 18 17 15 14 13 17 1) 1
250 290 290 28% 28C 280 275 2'n 2T0 27
17 18 18 18 36 15 e .12 1) 1 3]
295 250 290 260 290 290 285 28 2erp 2ar
1? 18 19 18 17 16 1% 1a 154 1?
295 295 295 295 P29S 295 290 P90 285 28-
17 18 19 1% 19 11 lg 17 16 18
300 300 300 300 300 295 295 29% 29c 2%n
17 18 19 1e 20 21 20 2n 20 2n
300 300 300 300 300 300 300 30n 3ne  3re
18 18 19 20 2l 21 2) [4} 21 2)
306 300 300 2300 300 300 300 300 300 30N
18 18 19 20 21 21 21 21 21 2y
300 300 300 300 360 300 DS 305 305 3nrc
1% 1¢ 17 18 19 2l 23 2} 2] 21
300 300 2305 305 305 305 M5 310 310 N
12 13 15 16 37 18 20 20 21 21
30¢ 305 305 3o 310 310 310 31 31 3=
11 1 1 13 16 1% 16 17 1e 1% en
300 305 310 310 315 315 315 3)& 33¢ 3?n
10 10 11 12 13 15 17 le
305 305 310 315 320320 320 320 32¢ 320
10 10 10 11 12 13 1S5 Is 17 e
310 310 310 315 320 320 320320 320 37[
10 10 10 10 32 13 ls 15 Je 17
315 3ts5 315 320 320 3&¢ 320 320 320 3o

1l
get
12
23%

12
240

12
245

11
250

1
260

11
3]

11
270

11
28¢C

ie
28%

14
290

19
00

2)
3oc

21
302

21
3ic

21
s

21
zo

19
320

18
Az

18
ire

12
235

12
23s

1e
2e0

it
245

1
260

B!
260

11
26%

1
270

1
240

12
2RS

1s
2%0

1P
30¢

21
3o0¢

2)
3ns

21
e

21
315

21
3z¢
19 29
320

“Ia
3720

1&
320

12
2ec

20%

le
2%

17
300

el
3or

2l
3oe

16
3ec
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Y-GRID INTERSECTION

91
88
85
82
79
76
73
70
67
64
61
58
55
52
49
46
43
40
37
34
31
28
25
22
19
16
13
10

I NPUT DATA FI LE:

WND PATTERN 8

[] 9 1 12 16 16 16 11 1n
17¢ 185 1€p0 190 200 200 200 200 20n
8 9 12 13 ie ig 13 11 1e
170 180 ]85 190 )es 185 195 200 20
8 s 1 15 18 1e 12 10 1
170 170 180 1B5 190 190 195 186 14=
8 9 12 15 18 18 12 10 L]
170 170 170 )80 1%0 190 190 l¥0 190
[ 4 9 iz 17 18 17 12 10 9
170 170 170 175 180 180 180 180 )es
& 9 13 17 18 16 12 10 L]
17¢ 170 10 170 Y0 1Y0 170 }T0 7S
[ 9 14 18 18 16 12 10 9
165 165 165 165 165 165 165 165 )oF
8 L] 15 18 s 1S 12 10 9
165 160 160 160 1s0 16D 160 &0 )er
g 1 15 18 18 15 12 10 L]
166 36D )55 155 155 365 185 185 180
13 17 18 18 15 12 10 L]
155 355 156 185 1850 160 15¢ 150 150
] 10 1s 17 18 18 15 12 10 10
185 155 185 155 150 150 a5 145 145 a0
[] 4 13 17 18 18 1% 12 11 10 10 L] & ]
150 150 150 150 150 Ja5 a5 145 Je5 )30 1llo As 65 &0
[ [ 12 17 18 18 te 12 11 i 10 1n 9 9
185 145 145 145 145 145 185 145 146 Ja& 125 9% 65 60
8 ] 12 17 18 1% 10 13 11 10 10 in 10 10
160 140 140 140 140 Ja0 140 180 135 120 Jlo  me e85 &%
[} ¢ 13 1?7 18 1o 18 16 12 2 I} n 33 0
130 laD 135 335 136 130 I3u 125 120 110 65 re L L]
[] 9 0 14 17 19 19 1% 18 17 1s 15 1? 10 8
120 125 135 135 130 125 12% 120 110 100 95 9O Rn AD 80
& 10 i2 15 17 20 20 20 19 17 18 12 ° [ &
3120 130 340 340 335 330 120 130 105 100 9= 9A  §n  AS RS
L4 10 18 18 18 20 21 21 % 17 1% 10 a ] [
125 130 135 140 )40 230 120 130 0% 100 9% 95  §a 80 QD
8 hd 11 13 1¢ 1s 22 22 2! 20 17 1" 9 & 3 9
130 13¢ 130 130 330 130 330 lee 110 105 100 95 95 8« 9% 95
8 & 10 12 16 18 21 22 g2 22 20 17 12 4 L] 10 11 12
130 130 13¢ 125 12% 312% 125 125 120 110 108 100 16n e P& 95 @5 65
8 9 1} 14 1e 18 21 22 23 22 21 18 14 15 le 1s 15 15
130 330 125 325 120 )20 320 120 115 1310 106 100 o0 100 )60 95 95 OC
8 10 12 13 15 18 20 22 @3 3 @2 @ 19 1s 1e 18 1B 1#
125 125 125 120 3120 120 115 115 1lo 110 105 100 100 0D 100 95 95 95
L] 11 13 13 14 16 20 22 23 2+ 24 24 24 2z 21 21 21 el
120 120 17v 115 11% 115 115 110 216 330 105 300 oo 10f 1o~ 100 ¥ 95
a < 12 13 15 1e 18 20 22 ‘23 2+ 25 25 25 2% 2= 25 2« 26
120 120 120 12¢ 115 lts 110 1i6 110 lgp 120 105 10% 305 100 e 105 do¢ joo
] 10 12 1> 16 18 18 20 21 22 23 2e 25 25 25 P 25 2% e%
118 115 115 115 118 315 )15 118 330 110 110 110 1i0 1A lic 2in Mo 110 e
8 10 12 1% 15 15 15 17 18 1% 21 23 [ ¢ 2% 2% 25 @5 2%
115 115 115 115 115 115 120 120 120 20 120 120 2o 120 l2o l2e 115 115 s
[ 10 12 1le 11 11 11 12 13 1 18 2 23 Ps 25 o= 25 o5 2%
115 118 115 120 320 320 120 320 120 120 120 120 120 120 320 13Pe 2P0 )20 120
] 9 L4 ¥ L] L 8 10 11 12 5 17 2) 23 2e e 25 2% @5
135 115 120 l2v 120 12¢ 120 120 120 120 120 120 120 12¢ 1l?o )12r 20 120 12¢
8 8 9 9 1t 12 15 le 23 23 2 25 ?¢ 2%
320 320 120 120 lao 120 120 120 20 120 y2r B20. J2¢ l2C
3 8 8 9 31 iz is 1= 2] 2% 24 2% 25
120 120 120 120 120 120 120 120 1®0 2o J2v 120 )2¢
] & L] 8 9 11 14 14 1e 21 23 2« 2t
120 120 120 i20 120 120 120 1Pr 120 12~ 320 l2p )20

740



Y¥-GRID INTERSECTION

87

83

79

75

7

67

63

59

55

51

47

39

35

3l

27

23

19

15

11

INPUT DATA FILE:  NET CURRENT PATTERN

0.0 aT a7 0L

20i 207 20cdue

1 1 Y4
11¢3321%29202 282

2 S LS
TY o Z 132202 302 37

. ad 23 ) W7 L LY .
62 #7 3T 137 P02 197 357 3

@ . . % 4% .7 5 L7 .
$7 82 ¥2 152 202 }OT 357 32

IS N A LI

. 7 82 382 202 167 2 357

1o 2 2 x x5 2

e 20 222 202202 202 T 387

1 eb 7 o2  «B & o5 e

21 3 22 202 207 207 12 32
1 3«3 5 b o8 5 1
w2 12 22 207 712 207 12 22 27

ob o3 1 sd W7 46 6
2122232 U221Y 2 2 P2
3 2 o7 o3 40 2
» o arTn2ATn R 32
3 .4 5 2 1 6 ?
62 37 12 217 21v 222 P82 32 a2

ad% 3 e% st o7 2 5 1
3222w 12 2WYR2Z 32 IO23I2I2

o] 4% 8 .4 L7 .8 2 1] 1
7 12 202 p0Y 222 312 32 22

62 2 1
bLT 2 T )97 202 247 a2 27 22

2 6 2 < 1
57 T w202 pb2 dec ”? @2
2 4 2 b 2 2 1
22 22 182 207 257 a2 22 22

2 2 2 . 1
3272 137 212257 32 o7 22

i3l WD oab 02 42 1
&2 82 PLY RIT PSR Be2 B2 57

e o5 1 et 12 . el
$2 B2 23 BT QX2 BOZ D02 22 8216215 202

[ TLAS BN T SR SRR IRY SEPY JNRY SN T RS S Y S S Y I N

20« Té 1 47 237 22c 242 PRE 337 22 52 8T 12 192182 202 207

$.0 o2 6 2 1 *2 ok 2 . e 8.0

Ele 3.1 397 257 237 222 232 P 3e2 X2 ?? 37177 192 232 2e7 202

G0 1 W3 ed 5 .8 46,1 2 2 3 . e . 0.0

QU219 312 25, PERTERZ 21 7 PO2IPT X7 IG? IN2 227227 292 207

0.0 ad 1 e Wb .8 .1 3 ? 2 oF o1 0.0

QU2 20c 237 247 227 222 227 352 IST 17V ¥ST 322 252 24T 202

Ve W0l 2 ? b Y 4 3 ! ? 2 ) 0.0

174 2.1 2.7 ez 2T ITIVIT A2 2 2382 327

B.P 0.0 1 W2 .2 0.0 5 2 o2 o2 3 .2 a1
1424 202 Qo7 Pe? PIT 237 232 232 227 352 20 e 342 7

el 1 1 62 a2 2 et . . . . WDaZ .2 K .20 R
P62 B3? Ba2 282 24: 232 217 237 261 287 322 352 2 1s? ¥52)32 262 272
Dol oY 02 .7 22 . . &® . . . . . . .. .. 4R . . <Y a2 el 2
?20< 2aT2e2 231 2I7F272IT 2.1 257 292 31T 33z DI2 342 357 357 221 257
[ TLS S «2 o1 W1 * 5 «3 .3 3 3 ef 23 42 5 0.0.6 2 2 3
20c 247 P42 2322I221€ 217227237 25 b2 PV¥e 291 3023I7 337 337 337 B2202 252 337 292262 287

[ SIS IS | 1 1 o€ 6 < 2 .2 7T e2 a2 o3 . b LA LELECL ]
20c 20 227 217 BPATT U2 232 267 277 ROZ 292 292 292 292 292 292 P92 292 292 292 292 28 2 272

0" 1«3 00 0.0 o2 2b 22 42 &) 5 o8& o7 3 1 L a7 Wl W1 LT Y
20 227 217 202 206 212 ¥DZ 242 262 272 22 2 47 292 202 292 297 297 292 V2 292 292 292 297 292 292

Dev 1 3 .1 0.0 0.7 «€ ab o2 5 ? ? AL L)
20c 252 23< P07 202 B0c 57202 232 2.1 202 62 25T 2 12 287 292 202 297 2522%2 2,

0.C . 1 .2 * v,

1 el 2 @& 9 o 77 o2 2 . ob WY LY HT T LY
262 2Le 25 ? .1 BOF BT 25¢ 22¢ 20 217 227 2+ PBT 202 2VZ 277 292 312 312 302 29T 2N 292 292 292 292 297

0.0 1 e 2 L, Wl 1 e .t L e .2 2 8.0 00 0.0 L
7.0 7 22T IIT 2 2 2 PV 24T 20¢ 18k 1TE F0c Poc Po2 23T 252 107 117 102 T2 257 272 292 292 292 292 292 292 292
0.0.1.72 < 7.2.1 1 7.9 T 45 o0 o2 alul a2 % 00 0,0 kb b b .6 b L&
BOE 20 20¢ Jac 152 1 3 < 117 1e7 Je2 172 Puc 217 227 227 24 7 277 287 287 287 292 292 282 292 20% 292 252 297
b
2

ol e W2 7 ? ? o5 W9 .8 L8 1 Y4 4 6 . DL s S AL L NP |
0 Foe JeTI3THLY 111 2IT 117 Je2 162 1B 202 222 P42 BbZ 272 282 282 202 282 287 2¥2 292 292 292 2 9 2 292

2

6.8 .1 ) L) L) W2 .e L2 1.7 5 P IS R ST Y ST R SV R R R B S S J
202 26c 132 10F 107 132 337 117 127 182 Y6 177 P02 227 262 257 257 267 272 277 282 28T 29: 292 282 292 292
0.t 1 1 el o1 0a0 . el el 82 125 2.3 1.0 o8 o5 06 W7 .8 & Wb % L6 6 .6 b .6 b
202 1 Bz &7 TT 202 132 dic 112 187 1e? 162 182 PUc 22c 267 247 257 282 207 287 292 292 292 29 P9 292

Do 0.5 0ut 0,0 0.0 0.0 BoD 6,0 0.0 Dal o) 2.3 3.2 of o0& o7 46 .6 ob o5 e b o4 40 LY L3
207 20e20e20c 207 202 2ve20€20cP0idn?leT 112 177222232 2.2 7.7 75, POZEN2 97302 302207 292262

0.0 .1 5 1.4 W5 .t > .10.8 . o 3 3 3 .3
202217497 111 137 210222227232 207852 3 3 7 337327 30T 24 292 292

0., »} oB 8 L eb 0.0 0.0 0.0 o) o2 o2 42 42 o2
202 202 202187387 1 9 7 202 222 22 242 20& 2 0 2 D7 302 292 282 292 292

0.0 1 7 9.6 .7 6 24 0,0 0.0 0,0 &) .7 2 o2 o2 2
21z Poc 217 202 )BT 162 202 202 202 207 207 202 M 2%7 277 287 292 282
0.0 ol o8 L .9 .8 . b 3 DD o1 . Gt o W) , 3
212 2.2 217212102 197 202 26z 197 )2 292 297 o2 292 202 262 292 292
0.0 2 b o7 .8 ,8 ., .6 .3 1 00 00 »38.6 0.0 9.006.0 0.0
212 22¢ 222 212202 200202 202102182 202202 1.7 242 2Zoi 202 RG2 202

3 7 u 15 19 23 27 31 35 39 43 47 51 99
X=GRID INTERSECTION

741




Y-GRID TNTERSECTION

85
82
79
76
73
70
67
64
61
58
55
52
49
46
43
40
37
34
31

28

25

22

19

16

13
10

I NPUT DATA FILE:  TIDAL
PHASE = 0°
TIME = 0.00

0.0 .4 .5
232 z2¢ 23¢
0.0 .2 .1
82 222 23¢

0.0 .10.0 0.¢
47 &2 22 2¢

0.0 .1 .1 0.0
2? 32 22 2z

0.0 .2 0.0
22 22 2¢

0.0 o2 .2 ot
5? B2 22 e¢

0.0 .3 .2 .2

5? 62 22 22
0.0 o2 o3 .3
22 7 12 2¢
0.0 o2 .3 o4
2 322 7 22

0.0 .3 .4

22 12 2&

0.0 .3 .5 6
32 22 22 2c

0.(7T .3 o o6
“«? 5.2 34 22

0e o2 ¢ = 5
22 13 17 ee

Oul 22 a3 o4 o4
ge 12 #2 32 2c

0 o2 o ek 4>
¢ 52 42 32 ee

«R o3 4be 5
52 4.2 32 ge

0.0 1 2.3 .3 .& .5
82 & S®c 62 &2 32 2¢

0.0 .2 «i .3 eb eh 8
72 15 67 32 v 71 1}

n &

4 0.0 4
LY 22 352 35~ 356

W0 o4 O U 0.0 3 .3 .4
2z 2¢ 33¢ 57 349 34z 3ec

0.0.1 .3.3 .3.3 .3.3
2?2 2c 2¢ 34c 312 317 323 32¢%

0.0 .2 .3 .3 .4 .4
22 34c¢ 33z 3?~ 312 312 322 332

0.0 +¢ .3 % o8 .5 5 b
“2 29¢ 257 24 ¢ 292 302 327 35%

0.0 +} 0.0 0,u 0.0 0.0 0.0 .7
337 236 2he 2uc 297 29% 332 3Juc

CURRENT PATTERN

HRS

«9 Qau

202 177 162

.5 ,20.0
202 167 172 172

.5 .4 100
?02 zve z2oe 22
«2 .20.00.0
20e 202 2 g2

0.00.0 .20.0
22 22 12 22

0.0 .1 .20.0
22 22 22 22

.1.2.40.0
22 22 32 &2

.3 «4 .50.0
22 22 3z 22

ok 45 o6 0.0
22 22 22 22
e o5 25 0.0
22 17 &2z &2

.5.5.70.0
22 le 22 22

.6 .7 .80.0
22 15 10 22

.6 .7 .8 8 0.00.00.0

18 9 2 342 292 11e 57

.6 .7 7 .7 .4 .40.0

12 « & 1 a58 53 57

eb o6 .6 46 .60.0

2 14 13 29 51 57

5.6 .6 .70.0

12 13 20 37 57

.5 .6 .7 .80.0 0.0 0.0
12 12 12 45 g2z 292 252

.00.00.00.00.0151.0
ly 352 292 29¢ 252 292 292

.5 91.01*0 1.5 1.5 , 9
§ 356 33# 340 336 332 352 347 312 292

.5.5 .7
12 47

th Wb 46 4B 6 1.0 9 8
349 32 331 320 318 312 312 302 297 29?

5 eb 6 .7 7 .0 .0
332 3. '?'? 312 295 299 202 292 292 29z 292

.3 .3 2 .2 .2 .2 0.0 .7 .8,8
307 297 265 282 272 292 262 292 292 292

5 .3 .2 .2 .2 ,4 .6 .8 .8 ,8
333 322 2e4 292 292 792 . 252 292 2%2 292
.5 .4 .3 .2 .? 4 o8 48 LR

2 342 332 332 322 297 292" 292 292 29?

L5 e L3 .2 W2 .4 .6 4B .8 LR
2 ¢ 352 34c 292 po2 292 292 292 297

Oov 0o o4 ¢4 .3 .3 .3 .2 .4 .6 .8 ,8 .8

H 22 lc 12 22 1 2 322 302 292 292 292 252
0.0.3 .3 .3.3 .30000 .2 4

2c 2e 22 22 e2 22 332 22 342 292 292 29?

beu ¢ 2 .2 ,2.20.00.0 2 .2 .4 .6

ee 2e 22 2z ze 22 22 202 292 292 292 292

0.0 .1 +1 .1 .} «.190,00.00.00.0 a,00.0

v2 22 22 6 z2 22 27 202 208 292 292 292

1471013161922252831 3437404346495255
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Y-GRID INTERSECTION

85
82
79
76
73
70
67
64
61
58
55
52
49
46
43
40
37
34
31
28
25
22
19
16

13
10

I NPUT DATA FILE:  TIDAL CURRENT PATTERN
PHASE = 90°
TIME = 3.11 HRS

pov . 2.3 28 1.5 00

s2 sz 22 357 3e2

0.0 11718171100
52 5S¢ 22 7 352 3z

0.0 .3 1.51:6 1.6 1.3 0.0
42 bz e2 22 1z 32 22

0.0 1.1 .30(J 1.4 1.6 1.30.0
42 &2 22 2¢ 22 12 .? e2

0.0 1.1 1.3 0.0 <« 1.51.,10.0
22 32 2 @2¢ 22 22 12 g2

0.0 1.80,¢ .21.31.10.0
22 22 g& 22 22 g2z 22

0.0 9 10 e 9 .01.1100.0
82 52 2 2¢ 22 22 32 %2

0.0 .8 o8 le .11,01.00.0
52 %2 22 e 22 22 32 22

0.0 5 eB1,0 .0 1.0 1300
22 12 22 22 22 g2 22

0.0 .6 «# .9 .9 1.0 .7 0.0
2 322 7 22 22 17 22 =22

0.0 .7 «9 9 29 .7 0.0
22 12 g2 &gz 12 22 @2

0.0 .6 .91,01.1.9 ,700
32 .72 2.22.222 15 10 22

0.0 +2 46 .8 .6 .7 .6 .50.00.00.0
4?7 5.7 34 22 1v 9 2 3«2 e%2 112 57

0.0 .2 .6 «646 .5 .4 .2 .1 .1 0.0
2213172212*4 1 358 53 57
0.0 .2 .4 .5 ., .5 ., .3 .2 .1 0.0
22 12 42 32 2z 12 14 13 &y 51 57

0.0 .2 ok % o4 44 3,2 .1 0.0
6.7 52 &2 32 22 12 13 zo 31 57

00 .1 .2 .3 .3 .3 .3 .3 .2 .1 e.0 0.0 0.0
B2 ¥2 57 a2 32 ¢ 12 1¢ 12 45 22 112 112
0.0 o) 41 42 42 43 43 43 .2 .2 .1 0.0 0.0 0.0 0.0 0.0 0.0
8z 42 52 62 42 32 2¢ 12 « 7 10 172 112 112 7e 112 112

0.0 +¢ .1 L,2 .2 .2 .2 .2 41 .1 .1%.00.00.00.00.00.0
72 75 67 32 7 7 12 3356 35 340 156 152 172 167 132 112

t.¢ .20.00.0 2.2 .22 .1 .1.1000.00.00.00.00.0
22 6¢ 52 22 352 35435b3a9 3ag 331 320 31e 132 13¢ 122 117 112

0.0 .2 0,0 0.0 .12 4.1 .1.1 .1.1 .16.00.00,00.00.00.0
a2¢ Zc 33z 57 349 342 342 332 322 3¢ 299 299 112 112 112 112 112

0.0 .1 e« .1 .10.0 0.0 0.00.00.00.00.00.0
22 22 22 3«: 31’? 317 323 329 307 247 268 282 272 112 B2 112 112 112

0,0 .1 el 1 11 el ol 1 .1 0.0 0.0 €40 0.0 0.0 0.0 0.0 0.0
2234233232¢3312312322 33z 333 322 288 292 292 112 1]2 112 112 112

06,0 .12.1 .1 .2 .2.1 .1.1 .,1000.60.00.00.00.00.00.0
&z 29¢ 257 29¢ 292 30z 327 35v% 2 34z 332 33( 32.2 112 11¢ 112 12 112

0.0 .) 0.0 6,4 0.00.06.0 .1 ,10.00.00.0¢.00.00.00.00.00.0
332 230 28z 2«2 292 29?7 332 34c 2 2 352 342 112 112 112 112 112112

0.t 0.0 0.0 0.0 0.0 0.0 0.0 #.0 0.0 0.0 0.0 0.0 0.0
2e 22 12 12 2e 1 187 142 122 112 1ig1l212

0,0 0,0 0.0 0.0 0.0 0.0 ¢.0 0.0 0.0 0.0 i?. 0 0.0
ze2 e¢ 2z 202 202 202 202 202 162 112112 112

0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
202 20c 202 2u2 20¢ 202 202 22 112 112 ]12 112

0.0 0,u 0.0 0.0 0.0 0.0 8.0 0.0 0.v 0.0 0.0 0.0
20c 20¢ 2(12 zoe 2ve 202 202 22 22 112 112 112

147101316192225 283134374043464952 55
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¥-GRID INTERSECTION

85
82
79
76
73
70
67
64
61
58
55
52
49
46
43
40
37
34
31
28
25
22
19
16

13
10

I NPUT DATA FILE:  TI DAL CURRENT PATTERN
PHASE = 180°
TIME = 6.21 HRS

0.01.31.6 .9 0.0
52 52 22 357 ase

0.0 .« .5 .8 .5 «20.0
52 12 %z 22 7 352 352

0.0 2 .1 5 e+ ¢10.0
222 52 6c 22 12 32 202

0.0 .10.00,0 .2.20.00.0
222 222 20¢ 202 22 12 2u2 20z

0.0 .) ,1000.0 0,0 .20.0
207 312 20< 20 2°212 3z 202 202

0.0 .20.,600 .1.20.0
202 20z 20z 212 202 202 202

0.0 2.2 .2.1 2 .40.0
.?32 232 202 20¢ 212 202 212 222

.3 2 .2 .3 .4 .500
?32 222 EM 20.7 202 202 212 202

0.0 .2 .3 .3 .4 .5 .6 0.0
202 187 192 20z 202 202 202 202

0.0 2 .3 4 .5.5 00
187 182 202 202 20.2 202 202 202

0.0 .34 .5 .5 ,10.0
202 20¢ 2uc 202 202 2ue 202

0.0 .3 .5 .6 .7 .00
212 207? :06 20: 20? 195 190 20¢

006 .3 .4 .6 .6 .7 .8.60.00.00.0
227 232 21 202 198 182 lez 162 112 292 237

0.0 .2 .4 .5 .6 .7 1 <1 .4 .40.0
202 193 197 202 192 184 184 181 178 ?33 237
O.U ? .3 % b 6 6 6 6 .6 0.0
202 192 222 21.7 20e 1%2 194 193 209 231 237
00 .2 .4 4 .5 .5 .6 .6 e70.0
262237 212 20220 102 103 200 2172 3 7

0.0 L1 .3 .3 4 b 6 .7 .80.0 0.0 0.0

26c 25¢ 237 202 20z 202 192 192 192 225 202 112 112

0.0 3 .3 5 .5 .7 .0.0000.00.015 1,0
262 zo: 232 242 202 20: 202 192 18« 187 190 172 112 112 2.2 112 N2
0ol o2 o2 o3 .4 o4 o8& 5 .5 L7 .91.01.,01.51.51.0 .8
262 20¢ 237 192 187 187 192 183 178 17« 160 156 152 172 167 132 112
0.0 4 0,0 0.0 & 4 6 .8 8 1.0 1.0 .9 8 L8
20c 202 232 207 187 B2 176 169 162 151 160 138 132 132 12z 17 112
0.0 .4 0,v 0.0 3 .3 .4 6 .6 8 .8 .e
20¢ ?0. 2 15¢ 232 16 162 16& 152 139 1:2 119 119 112 n: 112 12 2
0.0 42 .3 .3 .33 3 .3.3 .2.2 2 ¢2 0.0 .7 .8 .A
202 162 15z 142 142 137 143 1&9 127 117 108 102 92 112 82 112 12 112

0.0 a2 o3 43 o3 .6 % 5 W5 43 22 42 .2 W% a6

. 8

.8 N
202 13¢ 12& 127 132 137 150 152 152 142 1ud 3112 112 112 112 12 112 112

00 o2 o3 % o8 o5 45 46 .5 o4 43 2 o2 b W6 8

«8 o8

222 11¢ 112 112 127 132 157 175 162 16z 152 152 142 112 112 12 112 N2
.8 .8

.8 .B

0.0 .1 0.0 0.0 0.0 0.0 7 L4 .3 .2 .2 .4 .6 .8

152 56 102 11¢ 112 112 152 162 172 182 172 162 112 112 112 12 112 12
Oou o * .4 3 .3 .3 .2 .4 6 .8
20¢ 20: 202 202 202 187 387 342 122 112 112

0.0.3 .3 .3 3.30.00.0 2
202 20¢ 202 202 202 202 202 202 162 112

00 .2 .2 .2 .2.20000 .2 .2
2uve 20¢ 202 20z 202 20.2 202 22 1312 112

.1 10.00.00.00.0
zo: zo: 202 206 208 202 202 22 22 112

12 112
L6 o8
1? 112
-4 oh
12 112

.0 0.0
12 11?7

1471013161922252831

X-GRID | NTERSECTI ON
744

3437404346495255




Y-GRID INTERSECTION

85

82
79
76
73
70
67
64
61
58
55
52
49
46
43
40
37
34
31
28
25
22
19
16

13
10

INPUT DATA FILE:  TIDAL CURRENT PA'TTERN
PHASE = 270°
TIME = 9.32 HRS

0ol 243 2ok 145 L0

3z 23¢ P02 177 lee
0.01.1 1.7 1.81.7 1.1 0¥
232 gec 23c 2Le 1k7 172 1372
0.0 1.3 1:5I0ble€ 130, u
227 222 23&e0zguieveate

1.1 130,0144 1.6 1.3 0. 0
22eve 20c 202 20¢ 2Lz 20 2

0 1.12,3001.4 1.5 1.1 0.1c
2 212 202 20¢ 2)2 202 202 20:¢

0.0 180.0 1.2 1.3 1.10.0
202 20¢ 20¢ 212 202 20¢ 20¢

0.0 ,91.0 .93.0].11.00.0
232 23?7 2oz 20¢ 212 202 212 zez

0. ® .A L.s1.,01.11.,11.00.0
?37 22¢ 20¢ 20c 202 202 212 202

0,0 .5 L81.0 1.0 3.0 .6 0.0
202 167 15¢ 20c 202 202 202 262

0,0 «6 +8 ¥ 49 1.0 o7 0.0
187 &2 PlLe 20¢ 202 20z 2012 20¢

0.0 7 5 WG W5 W7 0.
202 2ve 20z 20E 20e 20e 20¢

0.0 .6, 1.1 1.1 .» .7 0.0
2l2 202 2Uz z0ec 20z 1v51S8020e

[ .5 6 b o8 7 «6 5 0,0 0.0 0.0
727 232 2le 262196182162 167 312 292 237
0.0 2 6 .0 6 5 & .2 .1 .1 0.0

202 193 197 202 52 16e 164 181 17.9 ,933 237

0.5 .? . .5 L4 5 & .3 .2 ,10.r
2te 19? 22z 21¢ 202 sz 19« 1%3 2u9 231 2 37

Dev 4?7 o4« .4 .4 e .3 W1 0.0

Puc 232 212 202 20¢ 9z )93 2uu 217 , 7237
0.0 1 3 343 3 3 2 .10.0 0.0 0.0
26c P52 ¢3? zoz 202 20¢ 19¢ 19z lve 22> 202 292 29?7

0.v o3 40 .7 42 .3 .3 .3 .¢ .2 .1000.0 0.0¢,00/00.0
2ec 20. 23c zer 20z 202 202152) 06187190 352 202 , 292 252 292 . 297

0.0 .1 .1 .? .2 .2 “ec.2 414} .10.00.0 0.00.00.00.¢
26 20c 237 192 197 1e7 19216831761 7«160 33b 332 352 347 312 292

(U 2 Ge Gafl 02 o2 ot 2 1 1 .1 9,0 0.0 0.0 0.0 0.0 0.0
20c 20c23c 202187162170 16% 162 151 140 138 312 1312 302 297 292

0.0 .2 0.0 0.0, .1 .1 .1 .1 1..10.00.004.00.00.00.0
20c 206 182 232 169 1oz 16 152 139 132 119 119 292 2 92 292 292 292

0.0 .1 .1 .12 .1 .1 .1 .1 .] .10.00.09.0606.,00. ¢0.00.00.0
202 16c¢ 18¢ )»z 147 137 1s3 1oy 127 117 1068 10 92 232 26 2 292 7’ 97 22

0.0 .1 .1 .1 .1 .1 .1 .24} . 16.60,00.00.00.,020.00.00.0
202 13c12z127132 137 15Ci%clbciwdlve 112 112 7:9¢ 2%¢ 292 292 26¢

0,0 .1 sl ed 7 4@ 4] 1 4] 41 0ev 00 ©eD 120 0 Dyl 0.0 0.0 0.0
272 lle 112 l1le 127 132 157 17% 162 16z 152 157 142 ;292 292 292 292 292

0.0 .1 B.0O0,u 0.0 00 00 .1 10%.0.0 0,000 0.00,0 L'. O 0.0 0.0
152 56 3Cc Yi2 11?7 112 152 1bz 172 182172162292 292 2522 92 7292 29?

O.u 0.0 6.¢ 0.0 0.0 0.6 0,0 .0 0.0 0.0 0. 0 ¢.0 0.0
20 20c2Ce 20c 26e 1157 2 322 302 292 29, ? 292 292

0.0 0,uv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0
20z 20¢ 202 22 22 22 332 22 342 292 25 292

0.6 0<% 0,00.¢6.00.0.0.00.00.000 000,
2e 22 ze g2 22 22 gz 202 232 292 ;°9Z 892

0,00,L0400s0 00 00 00 00 00 0.¢ O. 0 0.0
22 B¢ e 26 €2 22 22 202 202 292 9 & 292

14710131619222528 31 34 37 40 43 46 49 5. 55
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